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PREFACE. 



c* np'HE practical development of aerial navigation is 

Q 1 slow relatively to other modes of locomotion. 

The chief cause lies in the fact that any disaster is 
nearly sure to be fatal to human life, and although 
ocean navigation is attended by a certain amount of 
danger to both life and property, the risk is minimised 
by the adaptability of boats, lifebuoys, and a consider- 
able portion of the debris incidental to shipwrecks, to 
float upon the surface of the water and sustain the 
survivors. It is true that in many cases, in the present 
stage of rapid ocean transit, such life-saving appliances 
are not always available or successful, but the existence 
of them engenders a degree of confidence which has as 
yet no counterpart in aerial navigation. 

There have been disasters in this enterprise — as there 
always will be, to the end of time, whenever man seeks 
to conquer the unknown. In olden times, when to the 
adventurous Phoenician navigator the unknown waste 
beyond the Pillars of Hercules was the edge of a 
veritable Plutonian abyss, men went forth and returned 
no more. And the wise City Fathers at the gates of 
Tyre prophesied this and that sad fate to the blas- 
phemous seeker of the secrets of the gods. How many 
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Stark ribs and frames of erstwhile stout galleys strewed 
the Ionian coasts ere the Pillars were won and the 
far-oflf Casseritides reached. No Lloyd's agencies, no 
shipping news, then existed to supply the record ; but 
we may feel assured that the City Fathers expressed no 
astonishment, but accepted the fact literally when once 
accomplished. The ocean greyhound is now an every- 
day sight, and the air-ship will soon cease to cause 
astonishment. 

Since recent successful experiments and commercial 
enterprise have combined to render aerial navigation 
a prominent feature in progressive science, no apology 
is needed in introducing the present volume, which 
treats of the laws governing flight as exemplified by 
animals, birds, and insects, and of the construction of 
dirigible balloons, aerostats, aeroplanes, and aeromotors 
to be synthetically deduced therefrom and illustrated by 
various types already made. 

We admit the air-ship in practice to combine the 
aerostat, aeroplane, and mechanical propeller, and to be 
absolutely safe, but the exact proportions each must 
bear to the others is not within the province of a work 
the aim of which is to convey elementary instruction in 
a popular manner ; and this also applies to the aeroplane, 
the term here being applied in a broad sense. When 
the area of the plane is subdivided into aerocurves, or 
reactionary surfaces of which the curvilinear construc- 
tion is based upon the cissoid curve, the elaborate 
calculations governing this would be out of place. And 
in a similar manner we do not go into the intricate 
problems relating to the screw propeller in air, and its 
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reaction upon curved aeroplanes, but have endeavoured 
to present in readable fashion a thoroughly practical 
basis upon which the air-ship may be constructed and 
understood in its action. 

From a commercial point of view the advantages to 
be derived from any increased speed due to aerial navi- 
gation as against other modes of locomotion are not 
immediately apparent, except for light postal services. 
The aeromotor or air-ship will always be of great value 
in naval and military tactics, and for Ordnance surveying 
purposes, still with exactly the same effect that applies 
to seagoing navies and war-craft generally — that is, each 
Power, whilst proceeding upon the defined primary lines 
of construction, will strive to f)ossess the best aerial navy, 
and this spirit of competition will be good for inventors 
and for commerce generally. Aerial navigation can 
only effect a revolution in international matters by the 
discovery and application of the neutralisation and 
regulation of the force of gravity. Given this as a secret 
under the control of a peaceful and highly civilised 
Power, and war and its concomitant horrors would be 
a story of the past. 

Thq true co-ordination of physical phenomena brings 
creative imagination to bear upon* the dead side of the 
world turned to us, and causes us to comprehend the 
pulsations of its real life beyond the screen of materialism. 
So co-ordinates light, electricity, magnetism, and each 
new imaginative construction brings us nearer to the 
conception of a living universe. As an instance, we may 
take the now well-known " cathode rays," where force 
takes material embodiment, and we see that all apparently 



X PREFACE. 

quiescent matter is really energy at work in various 
forms ; and again, there are the hitherto undeveloped 
mysteries of radiation. 

The attraction of gravitation up to the present time 
has not co-ordinated with -other forces, and there may 
yet be . a mode of applying known forces in aerostation 
in this wide and all but untrodden field of research. 

FREDK. WALKER. 



Oxford, 2nd June 1902. 
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CHAPTER I. 

THE LA WS OF FLIGHT, 

Fundamental Laws. — There is a certain condition 
of moving bodies which affords a general measure of 
their force. When a moving body is directly opposed 
by a vis mortua^ such as a pressure or resistance like that 
of gravity, the measure of such vis mortua required to 
neutralise the force and bring the moving body to rest 
must form the basis of the measurement of the force. 
The problem to be assumed is, in measuring the said 
force, to consider in which of its different capacities is its 
effect to be measured. If the length of the line which 
the moving body describes against a uniform resistance 
be taken as the effect and measure of the force, the force 
is as the square of the velocity. Taking the resistance 
to be that exerted by gravity, the estimation of the force 
becomes definite, and is measured in terms of the square 
of the velocity. And a body in true flight must be 
capable of motion in both directions, against the air 
resistance in one case and gravity in the other, and the 
force must be continuous, as will be seen hereafter. 

Natural Flight. — The method of rising and pro- 
gressing in the air varies according to the requirements 
of the animal, bird, or insect provided by nature with 
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Wings. Such birds as the condor {Sackeramphus gryphus) 
and the albatross {Diomedea exulans) are capable of 
extended flight, the former poising as it were in the 
air at an altitude of over 10,000 ft, and the latter 
following a ship for a thousand miles. The wing surface 
of these birds is oblique, so that a rapid horizontal move- 
ment is attained. This movement, being diagonal or 
spiral, as the case may be, carries the bird upwards, and 
when it drops, by partially closing its wings, it does so 
in a diagonal direction with great rapidity, acquiring 
such momentum as to carry it upwards again. And the 




equipoise of the body is so sensitive, depending as it 
were on the fulcrum of the wings, that the long flight 
is maintained without an apparent flap. Soaring birds, 
such as the skylark, have the wings set horizontally when 
extended, in order to effect the upward flight in nearly a 
vertical direction. 

The osseous framework of these wings is shown by 
Fig. I. The humerus c articulates with a cavity between 
the coracoid bone b and the scapula a. It iis directed 
backward in repose, approximately parallel with the spine. 
The hmnerus articulates at the opposite extremity with 
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the cubiius or forearm, which is composed of the uina d 
and radius e, and is so jointed as to fold when at rest in 
a direction parallel to that of the humerus. The carpus 
consists of two small bones /^ /" placed between the outer 
extremity of the cubitus and the metacarpus g, which 
consists of two bones united at both ends. From the 
anterior edge of the metacarpus projects th.epollex It and 
two digital bones or phalanges i, j. These latter are 
analogous to the fingers, and the /c//e;tr to the thumb of a 



hand. The pectoral muscles operating the humerus are 
immensely powerful, extending from a deep sternum or 
breast bone, shaped like the keel of a ship. This qualifies 
the enormous expenditure of force which takes place 
when the body is not only supported but raised and pro- 
pelled through the air. The bones of a bird are not only 
hoUow, but in direct communication with the lungs, 
which admits of a constant supply of rarefied air, of less 
density than that surrounding it Also the general 
structure affords the maximum of strength combined 
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with the minimum of weight. The skeleton of a condor 
measuring 6 ft. 4 in. over the tips of the wings, when 
newly articulated, and before the moisture had evaporated, 
was only 9.7 oz. 

Referring to Fig. 2, the arrangement of the feathers is 
shown, the primaries p springing from the digits /, j and 
the metacarpus gy as shown by Fig. i. The secondaries S 
take their origin from the cubitus^ and the spurious wing or 
alula SW springs from the pollex or thumb. The expan- 
sion and contraction of the muscular system, in which the 
primaries and secondaries are held by their extremities, 
cause a semi-rotary movement to be imparted to each 
feather simultaneously with the movement imparted to 
the humerus by the pectoral muscles. In all cases the 
motion due to the action of the wings must be such that 
the air is struck with less force during the up-stroke than 
during the down-stroke ; otherwise the effect of the 
former would neutralise that of the latter. Thus the 
semi-rotary movement of the feathers before-mentioned 
causes the surface of the wing to be altered upon the up- 
stroke, by turning the feathers so as to present the edges 
to the air, closing them to present a flat surface on the 
down-stroke. This is analogous to the movement called 
" feathering " in rowing, and also in using paddle wheels. 
Referring to the fundamental laws at the commencement 
of this chapter, it will be seen that the resistance varies 
as the square of the velocity of the stroke. Hence, if the 
down-stroke be made at three times the speed rate of 
the up-stroke, the resistance is nine times greater. But 
as this only operates during one-third of the time, it is in 
effect equal to three times that which operates against 
the up-stroke. Therefore the alteration of the effective 
area of the wing at each portion of the double stroke is 
essential to flight. 

In the case of the flight of bats {Vespertilio) the 
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method of varying the surface area is necessarily different, 
since a soft membrane takes the place of feathers. 

The general structure of a bat's wing is shown by 
Fig. 3. Here the cubitus d articulates with the humerus c, 
and carries the phalanges /, / k and a hooked thumb h. 
The hinder legs / terminate in a single hooked phalange, 
and the tail / supports the caudal membrane, which by 
deflection enables the animal to steer its flight. The 
method of flight is to rise by flapping, the up-stroke 




being made with the wing surface diminished and the 
membrane slackened by partial closure of ih^ phalanges 
iyj\ ky in the same manner as in the case of the flight of 
birds. The bat swoops downwards with extended wings, 
fully stretched, and by a sudden deviation ascends again 
diagonally, impelled by the acquired momentum of the 
rapid ascent. Or the animal may fly in a spiral or 
curvilinear direction. The sense of equilibrium is highly 
developed, and the darting flight is sustained for hours 
without the necessity for alighting. 
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The pterodactyl, a huge flying lizard, now extinct, 
had wings of this description, and its method of flying 
was undoubtedly the same. 

The flight of insects varies somewhat, and although 
the power is exerted in the same ratio relatively to 
resistance and velocity as in the cases before-mentioned, 




the higher velocity of displacement of air alters the con- 
ditions. When a volume of air is displaced by a series 
of infinitely rapid vibrations, the wave effect is that of 
the waves given off from the striking surface of the wing 
at a high velocity and the incoming waves to fill the 
displacement at a less velocity. Air delivered at a high 



THE LAWS OF FLIGHT. 7 

velocity in this manner partakes of the attributes of a 
fluid under similar conditions, that is to say, it is sprayed 
or atomised, and to a certain extent, rarefied. This 
phenomenon is of importance when studying the flight 
of coleopterous insects.* 

Fig. 4 shows the arrangement of the organs of flight 
of the common stag beetle {Lucanus cervus)^ in which 
the anterior wings or elytra are corneous in structure, 
presenting a convex outer surface and a concave inner 
surface. The elytra a form cases for protecting the 
membranaceous posterior wings w when closed and in 
repose, and the muscles of the thorax x merely allow of 
opening and closing, or remaining rigid in either position. 
The true wing is the posterior w, and consists of two 
layers of thin membrane, one superimposed above the 
other, and covering intersecting ribs or nervures, which 
form the framework and the source of vibratory motion. 
These nervures, which to the unassisted eye appear like 
threads, are of varying thicknesses, the thicker nervures 
passing horizontally through the wing, and the thinner 
ones intersecting them. The upper faces of the nervures 
are of a horny structure and adhere closely to the upper 
membrane, but the under surfaces are not so intimately 
attached to the under membrane, and are flattened. 
Thus the under membrane may be separated by skilful 
dissection for purposes of microscopic examination. 
These nervures are tubular in form, tapering toward 
the end or edge of the wing, and within them is disposed 
a spiral elastic tube, with the inner end communicating 



 This theory of vibratory flight is due to M. Chabrier, and 
explained in his "Essai sur le Vol des Insectes," and carries a 
certain amount of probability, which has not, by reason of the 
extreme delicacy of such a mechanical test, been put to the proof 
of experiment. The subject is worthy of further research. 
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with the lungs, or an air vessel controlled by muscles so 
as to dilate or contract at the will of the insect. This 
spirally rolled tube constitutes a trachea. Thus the air 
is struck as it were by the flattened stretched surface at 
one period of the vibration and slackened at the other 
period. The terms up-stroke and down-stroke are not 
applicable to a vibrating surface which changes its 
direction and character many hundreds of times in a 
second of time. When we consider that the thorax x^y 
(comprising the prothorax, mesothorax, and metathorax) 
and the extended claws z are of considerable bulk, and 
also extend beyond the fulcrum of the wing w, it is idle to 




conceive that the anterior fixed wing or elytra a is not ain 
organ of suspension, if not of flight. It will be seen that 
the outer nervure or radius c terminates in a branch dy 
the stigma^ which forms a junction with the second 
nervature or cubitus. Since the radius c is thicker than 
the other nervatures, it forms with the stigma a cup or 
concavity approximately fitting the edge of the elytra a. 
Thus, referring to the diagram, Fig. S, in which the 
wing w is tense, and vibrating downwards, the direction 
of the air currents diverted into a is shown by the arrows, 
and when the wing w is slackened at the other period of 
vibration, the cup formed by the junction of the radius c 
and stigma d approximately closes the posterior edge of 
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the elytra a. We have seen that air displaced at a high 
velocity is subject to rarefaction, and therefore is lighter 
than the surrounding air. These conditions enable the 
rigid elytra to support the projecting organs. Although 
the coleoptera are distinguished by a trunk of consider- 
able bulk, it is owing to its membrano-cellular structure, 
of extreme lightness, and the organs for the diffusion of 
air, permeating the whole organic formation, render this 
type of insect capable of a tolerable range of flight. 




Fig£, 



The wings, and consequently the conditions of flight, 
vary according to the general shape and bulk of the 
types of insects, since, in the case of the hemiptera, the 
elytra are semi-corneous or coriaceous, forming a vibra- 
tory anterior wing, and at the same time, by reason of 
their leathery structure, constituting a sheath for the 
posterior wing, of membranous consistence. In the lepi- 
doptera and hymenoptera the anterior and posterior 
wings are alike. Referring to Fig. 6, which shows the 
disposition of the nervures of the wings of hymenoptera, 
in B the radius or chief nervure a and the cubital nervure 
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b join to form the stigma c. These being the primitive 
nervures, other lesser nervures termed brachial g^ spring 
from the thorax towards the extremity of the wing. In 
B a radial nervure d springs from the stigma c to the 
anterior edge, enclosing by an intersecting nervure a 
membranous space Called the radial cell a (sketches A 
and C). Cubital cells b and e are similarly formed. The 
brachial nervures and their branches form humeral cells 
A, D, by intersection, and also discoidal cells /, A, C, and 
extensions of the brachial nervures g towards the pos- 
terior edge of the wing, starting from an intersecting 
nervure, are termed recurrent nervures /, B. Now the 
theory of flight in the case of such wings is upon the 
presumed alternation of dilation of the radius and cubitus 
together, and the brachial nervures together, thus forming 
a wave-like undulation of the surface from the anterior 
to the posterior edges of the wing at an approximately 
right angle to the longitudinal nervures. The progress 
of the insect during flight is, according to this theory, 
due to a rapid displacement of air in a given plane, the 
actions of rising and falling being effected by an altera- 
tion of the angle of the surface in the thoracic articulation. 
To describe the motion in plain language, it may be said- 
that the wing surface rests upon a rapidly moving film 
of air rarefied by the velocity of impact, the rarefaction 
and movement being derived from the undulatory motion 
due to alternate dilations of the spiral internal nervures, 
[he alternations being performed at a high velocity. In 
ifts proper place it may be shown how artificial flight 
mVy be mechanically produced in exactly the same 
manner. 

'I'he membranous skin uniting the fore and hind legs 
of thfe flying opossum {Pataurtis sciurus) and other so- 
called fiving animals, simply acts as an aeroplane or para- 
chute enabling them to drop from a height and travel 
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across a certain space laterally whilst doing so. In the 
opposition of a wind current, ascension may be effected 
by angular steering assisted by the momentum acquired 
by the fall. Flying fish {Exocetus) are provided with 
extended pectoral fins which form aeroplanes, and enable 
them to skim from wave to wave. 



CHAPTER II. 

AEROSTATICS. 

The Atmosphere. — The elastic medium called air 
forms a sheath as it were around the earth from 40 
to 50 miles in thickness. Air being an elastic fluid, the 
particles thereof repel each other with a force varying 
inversely as the distance of the centre of the particles 
from each other. Therefore the volume and conse- 
quently the pressure depend upon each other. The 
law of altitudes and densities is as follows : — 

Take the altitudes above the surface of the earth in 
arithmetical progression^ the equivalent densities will be 
in geometrical progression decreasing. 

Thus, if at a certain altitude above the earth's surface 
the density of the air be one-half that of the surface 
density, at twice the altitude the density will be one- 
fourth of the surface density. The height is measured 
in these terms by a barometer, which is constructed 
upon the basis that the atmosphere at sea level will 
support a column of mercury 30 in. in height at a 
normal temperature of 64° Fahr. This corresponds to 
a pressure of 14.72 lbs. per square inch. It is necessary 
to consider the barometer as an instrument for measuring 
the height above sea level, and also of external surface 
pressure. The usual form of barometer used is that 
known as * aneroid," the action of which depends upon 
the variation of external pressure upon an exhausted 
corrugated cylinder in which nearly a perfect vacuum 
has been formed. An index, reading inches of mercury, 
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feet in height above sea level, and pressure is delicately 
connected to the exhausted cylinder, which expands 
under decreased atmospheric pressure and indicates the 
degrees upon the dial. Air is sensitive to variations 
of temperature, and the barometrical readings have to 
be corrected accordingly. 

At the sea level the air pressure is 21 19.8 lbs. per 
square foot, and the following table shows the decrease 
at different altitudes : — 



Barometer, 
Inches. 


Altitude, 
Feet. 


Pounds, 
Square l«oot. 


Barometer, 
Inches. 


Altitude, 
Feet. 


Pounds, 
Square Foot. 


29.5 


351 


2091.0 


20.0 


10,593 


I413.2 


29.0 


872 


2055.7 


19.5 


11,254 


1377.8 


28.5 


1,340 


2013.7 


19.0 


11,933 


1342.5 


28.0 


1,802 


1978.4 


18.5 


12,630 


1307. 1 


27.5 


2,273 


1943- 1 


18.0 


13,346 


I271.8 


27.0 


2,753 


1907.8 


17.5 


14,082 


1236.5 


26.5 


3,241 


1872.4 


17.0 


14,839 


I20I.2 


26.0 


3,739 


1837. 1 


16.5 


15,619 


1 165.8 


25-5 


4,276 


181I.8 


16.0 


16,423 


"30.5 


25.0 


4,763 


1776.5 


15.5 


17,252 


1095.2 


24.5 


5,291 


1731-1 


15.0 


18,109 


1059.9 


24.0 


5,830 


1695.8 


14.5 


18,995 


1024.5 


235 


6,380 


1600.4 


14.0 


19,911 


989.2 


23.0 


6,942 


1625. 1 


13.5 


20,862 


953-8 


22.5 


7,516 


1559.8 


130 


21,847 


918.5 


22.0 

1 


8,103 


1524.5 


12.5 


23,412 


883.2 


21.5 


8,704 


1519.I 


12.0 


23,874 


847-9 


21.0 


9,319 


1483.8 


"•5 


24,984 


812.5 


20.5 

1 


9,948 


1448.5 


II.O 


26, 142 


777-2 



The altitude may always be computed from the 
barometer readings according to the formula 

4771 —* X 6.000 X /= A. 
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Where 4771 is 30 log. and d = log. of barometer reading 
in inches, / being the temperature correction according 
to the following table, and A the altitude in feet 

Table showing Values of /, Degree Fahr. 



^1 

Q^ 

40 

42 

44 
46 

48 
50 
52 
54 
56 
58 
60 
62 


t. 


Degree 

Fahr. 


/. 


2- 
&2 

88 
90 
92 

94 
96 

98 
100 
102 
104 
106 
108 
no 


i. 


^1 

112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 


/. 


136 
138 

140 

142 
144 

146 

148 

150 
152 

154 

156 
158 


/. 


160 
162 
164 
166 
168 
170 
172 

174 
176 

178 

180 

182 


/. 


•973 
.976 

.978 
.980 
.982 
.984 
.987 
.989 
.991 

•993 
.996 

.998 


64 

66 
68 

70 
72 

74 
76 
78 
80 
82 

84 
86 


1. 000 
1.002 
1.004 
1.007 
1.009 
I. on 
1. 013 
1. 016 
1. 018 
1.020 
1.022 
1.024 


1.027 
1.029 
1. 031 

I 033 
1.036 

1.038 

1.040 

1.042 

1.044 

1.047 

1.049 

I.051 


1053 

"•055 
1.057 
1.060 

1.062 
1.064 
1.066 
1.068 
1.070 
1.073 
1.076 
1.078 


1.080 
1.082 
1.084 
1.087 
1.089 

1. 091 

1.093 

1.096 

1.098 

1. 100 
1. 102 
1. 104 


1. 106 
1. 108 
I. Ill 
1. 113 
1. 115 
1. 117 
1. 120 
1. 122 
1. 124 
1. 126 
1. 129 
1. 131 



In this table / is determined by the sum of the 
lowest and highest barometrical readings. A fiu"ther 
system for correcting inaccurate measuring is given in 
the tables for latitude, &c., in the Appendix. 

Aerial Flotation. — A body immersed in air loses 
exactly in weight that of the volume of air displaced ; 
therefore in dealing with such a body as an aerostat 
we have three distinct things to consider ; firsts the 
power of an aerostat to rise through the air ; second, 
the velocity of its ascent ; and fhirdy the stability of 
its suspension at any given altitude, against the resist- 
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anee due to gravity. The aerostat, pure and simple, 
has an independent part to perform in all aeronautic 
machines, except the true aeroplanes and aeromotor 
planes, therefore it is worthy a detailed study. Since 
heated or rarefied air as a medium for filling an aerostat 
is not of practical utility in sustained flight of long 
duration, we will not occupy space with the matter, 
assuming hydrogen or carburetted hydrogen to be used. 

Pure hydrogen (H) (atomic weight i, density i) is 
a colourless, odourless, tasteless gas, and is 14.43 times 
lighter than atmospheric air, consequently it is the best 
medium for filling aerostats. Coal gas or carburetted 
hydrogen is the next best, and varies according to the 
material used and the mode of its manufacture. This 
variation is such as to render the gas from 10 to 6 times 
lighter than air. 

The force exerted in ascent is the excess of the 
weight of an equal bulk of atmospheric air above the 
aggregate weight of the included gas, plus the gas-tight 
envelope and all appendages ; in other words the final 
power of ascent is the difference between the weight 
of the included gas and of that of an equal volume 
of external air, further diminished by the weight of the 
whole apparatus. Supposing the form of the aerostat 
to be the same in all cases, this load, as a resistance, 
as it depends upon the quantity of surface contained 
in the bag or envelope, must be proportioned to the 
square of the diameter ; whereas the difference between 
the internal or external fluids, which constitutes the 
whole of the buoyant force, increases with the capacity 
of the envelope, the proportionate ratio to the cube 
of the diameter. Therefore it is obvious that however 
small the excess may be of the specific gravity of the 
external air above that of the included fluid, there must 
always exist some corresponding dimension which would 
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enable an aerostat to mount in the atmosphere. Aero- 
stats are usually constructed to present a spherical form, 
or an elongated cylinder with hemispherical ends.* 

A sphere i ft. in diameter holds 281.75 grains of 
atmospheric air, and approximately 21.67 grains of 
hydrogen, and the difference is 260 grains. That is 
to say, if an aerostat i ft. in diameter were to be filled 
with hydrogen gas, and the envelope and load together 
weighed 260 grains, equilibrium would be established, 
and it would not rise. But if the envelope and load 
be 100 grains, the buoyancy or flotation value would 
be equivalent to 160 grains. It is obvious that the 
efficient power of ascension, or the excess of the whole 
buoyant force over the absolute weight of the apparatus, 
would, by acting constantly, produce an accelerated 
motion if it were not checked, and eventually rendered 
uniform by the resistance or inertia of the atmosphere. 
If it were not for this resistance the velocity of ascent 
which an aerostat would gain would be in the same 
proportion as a falling body acquires in the same time 
as the efficient buoyancy is to the aggregate weight 
of the apparatus and the contained gas. We may 
estimate the final or uniform velocity from the following 
formula, in which D = diameter in feet, and P ascensional 
power or buoyancy in pounds, and V the ascensional 
velocity in feet per second, or that velocity which causes 
an air resistance equal to the buoyant force or flotation 
value. Then 



* A "prolate spheroid" affords the maximum of buoyancy with 
the minimum of resistance to the air (see Prolate Spheroid Table 
in the Appendix), and may be defined as a solid proceeding from 
an ellipse. 
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and for example, take an aerostat 50 ft. in diameter 
with a force P of 576 lbs. Then the equation becomes 

-40 



V=^X VS76, or 

^ X 24 = ^= 19.2 ft. per second, 

or a mile in 4I minutes. 

The final point to be considered is the stability of 
an aerostat at a certain altitude, at which the forces are 
in equilibrium. 

For purposes of calculation we assume that the 
atmosphere is of the same density as at the earth s 
surface for 26,000 ft. — that is to say, homogeneous 
throughout — in order to find the altitude a to which 
an aerostat will rise until the volume of displaced air 
equals the capacity, and is as weight to weight. 

The density at altitude a is e^^ a x density at 

earth's surface (rf), where ^ = the base of hyperbolic 
logarithms, and ka constant, g equivalent of gravity at 
earth's surface, 32.2.* Then if D = displacement of 
aerostat and adjuncts, and w = weight of aerostat, gas, 
and adjuncts, 

w = D^ X density of air, and 

After the altitude readings are corrected for temperature 
/ and latitude X, g may be corrected also, but since the 
error is trifling, as the radius of the earth is 4,000 miles. 



* If the Brigg logarithmic system be used, the result must be 
X 2.3026, being the reciprocal of the modulus. 

B 
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and a is necessarily less than B, it may be accounted 
negligible. 

Taking an example, air being .08073 lb. per cubic 
foot, and hydrogen .005592 lb. per cubic foot, an aerostat 
100,000 cub. ft in capacity will weigh with the envelope, 
car, passengers, and accessories about 3,000 lbs., and the 
gas 559 lbs. = 3,5 59 lbs. The air displaced is 8,073 lbs. 
say, and the effective difference 4,514 lbs. Therefore 
the altitude a to which the aerostat must rise, at which 
the capacity weighs 3,559 lbs., is the normal altitude, 
at which the ascending force is neutralised, and vertical 
movement ceases. Then 

= _ ^ - 3559 
"" 26000" 8073 

Therefore ^ = log. 8073 — log. 3559 = 21,000 ft About 
half the original quantity of gas has probably escaped 
when this altitude has been attained, unless a suitable 
provision for storing it has been made. Therefore the 
weight 3,559 lbs. is reduced 280 lbs., and about 200 ft 
is added to the altitude a. Nadar, in his large balloon 
" Le G6ant," used a compensator, or a smaller balloon 
affixed to the neck of the larger balloon, and empty at 
starting, in order that the expanding gas may be con- 
served in the ascent Green, in 1821, used a "guide, or 
trailing rope," which formed an automatic regulator, 
since when descending the aerostat was relieved of 
the weight, and this increased when ascending. This 
device is also useful as a fulcrum in dirigible aerostats, 
in which steering is imperfectly effected by sails or 
rudders. 

Boyle's law regarding the expansion of gases is, 
" The density of a gas is proportional to its pressure for 
the same temperature." 

The temperature at various altitudes is variable for 
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many reasons, such as meteorological changes and the 
like. The following forniulae are useful for obtaining 
data in respect of expansion of gas : — 

Let P = pressure at 30 in. of mercury. 
/ = temperature of gas. 

V = volume of gas at 30 in. of mercury. 

V = volume of gas at any temperature /. 
w = weight of gas at 30 in. of mercury. 
w = weight of gas at any temperature /. 
/ = pressure at any temperature /. 

k = co-efficient of expansion with each de- 

 

gree of temperature = .002036° Fahr., 
.003665° Cent. 

(a) fi = P(i +^/). 

(^) z; = V (i + it). 

V 



{d) w = 



I -Vkt 
w 



I + kt 
(^) w = ze/ (i + kty 

Hydrogen gas varies with the method of manufac- 
ture, but when made by the decomposition of zinc by 
water and sulphuric acid, and the gas evolved is treated 
with quick or unslaked lime to eliminate the moisture, 
the lifting power is approximately 14.6 cub. ft. to i lb. 
in weight. And it may be assumed that 20 sq. ft. of 
varnished silk weighs i lb. In ascertaining the diameter 
and weight of an aerostat, let 

W = total weight to be raised (aerostat included, 

with accessories). 
w = weight of a cubic foot of air = .080728 lb, 
w' = weight of the gas. 
D = diameter of aerostat. 
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Then 



--^ 



w 



.5236 (w — w') 

W = D^ (Z£/ — w') X .5236. 

We may, from the data afforded by the formulae 
given, estimate the proportions of an aerostat to suit the 
conditions of various cases of adaptation, and may pro- 
ceed to describe and analyse the different types that 
have been used for experimental or practical purposes. 



I 



CHAPTER III. 



AEROSTATS. 



In dealing with the subject of aerostats it is not within 
the scope of this work to detail the older types of 
ordinary heated air and gas balloons, nor the record 
of aerial voyages already well known to the reading 
public, but rather to describe the various improvements 
of later date. 

It is unlikely that the aerostat will in the future 
occupy any other position in aeronautics than that of a 
buoyant support for motive power and steering apparatus 
in combination with aeroplanes and aeromotors, except 
for military or surveying purposes, therefore we may 
enlarge upon it as an auxiliary appendage in the proper 
place. 

The Serkis-bey aerial machine is a combination of 
an aerostat and a parachute, and when used in the latter 
capacity it may to some extent be steered. 

The apparatus, as shown by the elevation. Fig. 7, 
consists of a light framework of radial rods w, with 
strengthening rods attached to a collar e upon the 
central hollow stalk which supports the structure. The 
convex surface inside e is lined or covered by an im- 
pervious membrane which forms the lower part of the 
umbrella-shaped aerostat ^, ^, c. The outer rim ^, c forms 
the supporting hoop g for the car j\ When it is desired 
to descend, the gas is allowed to escape by a valve at a, 
and the envelope when wholly or partially exhausted is 
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inversely compressed by the resistance of the air, and 
acts as a parachute. The cord or suspensory stay /, d is 
then tightened or released, and by thus changing the 
centre of gravity the envelope «, b^c is obliquely inclined, 
and the direction of descent may be guided or steered 




Fig. 7. 

by a rudder/, A controlled by cords o. If the gas is not 
wholly exhausted, a fresh ascent may be made by throw- 
ing out ballast, and another oblique descent effected. 
This is noteworthy as an ingenious device rather than 
a practical machine. 



:i 
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The Gower aerostat is essentially a military machine, 
and is designed to automatically control the elevation, 
and also to release explosives at a predetermined time 
and place. 

The principal feature consists in utilising the varia- 




tion of the vertical length of the aerostat as it tends to 
rise or fall, to open the gas valve A, Fig. 8, or ballast 
valve E by cords c and f respectively, and in this 
manner to maintain automatically the desired altitude. 
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A Spring S is interposed in order to preserve the tension 
of the cord c, and so to prevent the valve A from being 
operated until the shortening of the aerostat V exceeds 
a certain amount, which can be regulated by adjusting 
the length of c. The discharge of the explosive body 
or other freight K is effected by the release, by a time 
fuse 1, of the latch (', thus allowing the rods H, H' to 



hinge upwards about v, v' and the suspending rings to 
slide off. Successive discharges may be effected by 
fuses of different lengths, or a number of cases may be 
arranged to be dispersed by the explosion of a small 
initial charge by the fuse. 

The Bate aerostat is simply the adaptation of an 
aerostat to relieve the load carried by an endless rope 
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or chain transport way, and is shown by Fi^. 9. The 
aerostat A supports a car B which is provided with 
grips for gripping the moving rope or chain C, and may 
cause the car B to move horizontally, and be stopped or 

A 




Fig, 10. 

started by operating the grips. The function of the 
aerostat in this case is to relieve the rope c of the dead 
weight of the load. 

The Dale aerostat is capable of conversion into a 
parachute, and is shown by the elevation. Fig. 10. 
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The aerostat is fitted with an upper valve A and a lower 
valve B, the valve A being covered on the inner side by 
wire netting, over which is stretched a strip of oiled silk 
or any other impermeable material. When it is desired 
to convert the aerostat into a parachute the strip is 



F^ll- 




withdrawn by pulling a cord c ; the gas then escapes, 
and as the aerostat descends the lower half is forced 
into the upper half, b being guided by rollers at D, d' 
along vertical guides F, f'. The lower valve B may be 
opened or closed to regulate the rapidity of the descent, 
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since the upper vaive A is permanently open when the 
covering strip is withdrawn. 

Sir W. A. Fryers has constructed an annular aerostat, 
shown by the elevation, Fig. 1 1, and the part plan. Fig. 12. 
The aerostat A is made in the form of an annulus, so that 
in the case of descending into the sea, the car c may 
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float inside the annulus, which forms a protection against 
the sea. It is preferably divided by partitions «' into 
cells or compartments a, so that if one compartment is 
injured by shot in cases where the apparatus is used for 
military purposes, or similar accidents, the uninjured 
compartments may sustain the car, Fach compartment 
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a is provided with a branch pipe and valve m terminating 
in a common pipe b. The car C is suspended from an 
insulating ring c, which is in turn supported by the 
netting covering the annular aerostat A. A piece of 
waterproof fabric E is stretched across the top to act as 
a parachute when descending. For reconnoitring in war- 
time a car is suspended from c by a long cable, so that 
the aerostat may float at a safe height. 



In Glendinning's aerostat, Fig. 13, the aerostat B is 
enclosed by a bag H, into which air is compressed, and 
supplied from a reservoir R in the car C through pipes a, a. 
The pressure, is maintained by a pump P. Part of the 
reservoir R is divided so that the gas from the aerostat i) 
may be stored, a safety valve d regulating the compression 
in order to protect the envelope, the neck b being closed ; 
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a valve v at the top of the bag H enabling the air pressure 
to be regulated. The object of the device i.s broadly to 
effect regulation of the altitude by increasing or diminish- 
ing the surface pressure upon the outside of the envelope 
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of the aerostat B. The inversion of the bag H may be 
utilised as a parachute in descending. 

Tapscott's combined aerostat and parachute, shown 
by Fig. 14, is devised to support life-saving appliances 
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clear of the waves when rescuing shipwrecked persons 
by means of a cable and cradle or saddle. A parachute 
A is attached to the top of an aerostat B, and an insulating 
ring C is suspended from the outer circumference of A. 
The ring C carries the cable H, and a double sheave block 
D over which the life lines / and /' are rove. 

Scott's aerostat (Fig. 15) is exactly the reverse of 
Glendinning*s, before described, since air pressure is 
applied internally instead of externally. The outer 
envelope of the aerostat A is made of unusual strength, 
and an air bag B is fitted within it, which may be dilated 
or contracted by the manipulation of the pump P in the 
car C, and a suitable releasing valve, thus varying the 
buoyancy of the aerostat. 



CHAPTER IV. 



AEROD YNAMICS, 



Air as a Medium. — Water is as a medium heavy 
and inelastic, and air is light and elastic. In propul- 
sion water presents the maximum of recoil with the. 
minimum of displacement, whilst in the case of air the 
conditions are exactly opposite. Therefore in construct- 
ing an aeromotor capable of practical work, the peculiar 
nature of the medium in which the apparatus has to float 
and to move by mechanical reaction calls for a structural 
form and adaption of motive power entirely different 
from that required upon sea or land. In marine propul- 
sion, a part only of the ship is immersed in the water, 
and being lighter than the medium in which it floats, is 
enabled to use this denser element as a fulcrum from 
which by oars, paddle wheels, screws, or jets, to obtain 
the reaction necessary to move it against the resistance 
of the water beneath and the air above the water line. 
A submarine vessel, when totally submerged, presents 
the nearest analogy to the aeromotor in practice. 

The absolutely perfect aeromotor, the air-ship of the 
future, must necessarily be heavier than the surrounding 
air. We have noted in dealing in a preliminary manner 
with flight in nature, that the organism of such birds, 
animals, and insects are comparatively light in structure 
relatively to their bulk, not as regards the wing area or 
surface opposed to the air resistance in sustaining the 
body at a certain altitude or propelling it at a certain 
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velocity. We can construct a framework of metal, and 
provide a prime motor, but within our closest limits we 
could not, weight for weight, and space for space, make 
an aeromotor upon the scale of the stag beetle {Lucanus 
cervus) with the same conservation of energy and 
mechanical action. 

But it is essential that an aeromotor should have the 
weight much in excess of the air displaced by it when 
at rest. The inertia of the mass is indispensable to the 
control and regulation of such an apparatus, so that it 
may be steered and propelled in exactly the same 
manner and with the same facility as a floating ship in 
the sea. 

Weight. — A simple aerostat cannot be rendered 
dirigible by rudders or sails, since it is entirely sur- 
rounded by the medium it floats in, and is subjected to 
every air current in such a manner as to drift with it. 
Therefore, as may be seen by a weight-area table 
appended, the true air-ship should be of considerable 
weight, should start from a position of rest upon the 
earth by means of its self-contained motive power, and 
this force should propel it in any direction independently 
of any air currents ; and at the same time the structure 
must be of sufficient strength to withstand the onslaught 
of a possible hurricane. All this \s within the range of 
modern mechanical genius and engineering enterprise, 
but the one fatal objection stands in the way, and 
subverts the true lines of construction. This is not a 
scientific obstacle, but it may rather be termed a pru- 
dential one, and may be summed up by the consideration 
of the fallibility of all machinery, and the absolute 
dependence upon continuous action to prevent a terrible 
catastrophe in case of failure. Therefore, so far as one 
can foresee, the aerostat will always be an accessory to 
the air-ship, unnecessary in the propulsion, and a decided 
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disadvantage in steering, but certainly a safeguard to 
some extent against the worst form of accidents. It is 
only requisite to allow the buoyancy of the aerostat to 
balance the weight of the apparatus, the ascension and 
propulsion depending upon the motive power. 

Flight may be attained by heavy powerful animals 
with a comparatively small wing area, there being no 
established ratio between wing area and weight, but an 
unvarying relation between the weight and velocity of 
motion. The following table shows the approximate 
area in square feet per pound avoirdupois for different 
types of birds and insects : — 



Name. 

Gnat 

Bee 

Stag Beetle 

Swallow 

Condor - 

Albatross 



Wing Area, 
Square Feet per lb. 

40.8 

5-5 
5.0 

1.3 

1.28 






e/ 
f 
/ 



I 

/ I 

I 
I 
I 

I 



I 



di^ 



Figm. 



The little experiment illus- 
trated by Fig. 16 shows the value 
of weight as a factor in pro- 
pulsion. A cork A, pointed at 
the lower end, and having two 
feathers ^, a' obliquely fixed in 
the flattened top, is let fall from 

a point b, and directly by the force of gravity should 
descend in the direction ^, c. But the falling weight 
causes the oblique planes ^, a to displace the air, and by 
rotating against the resistance compels A to describe the 
trajectory b, e, d. 

Thus the problem resolves into the relative values of 
weight, power, velocity, and small surface area versus 
buoyancy, small power, slow speed, and extensive sur- 
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face area. No rule can be laid down for establishing a 
basis for construction. Each form or type must be cal- 
culated according to the various conditions that are to 
be fulfilled. 

Wing Movements. — Professor J. Bell Pettigrew, in 
his records of experimental research, gives a theory of 
wing motion which is borne out by practical experiments 
m producing artificial wing flight in exactly the same 
manner in which it is performed by nature ; and Pro- 
fessor E. J. Marey has also by means of the sphygmo- 
graph produced graphic records of the actual natural 
movement. Professor Pettigrew does not agree with the 
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theories adduced to prove the dilation and contraction 
of the spiral nervures, but holds that the radius and 
brachial nervures are operated from the thoracic articu- 
lation as ball and socket, or universal joints having such 
a combined movement as to cause the margin and tip of 
the wing to describe a figure of 8. Thus the wings 
obtain leverage by presenting an oblique surface to the 
air, the obliquity increasing behind forward and back- 
ward during extension, when a sudden effective stroke 
is given, and decreasing oppositely during flexion or 
slow return stroke. Fig. 17 shows the figure of 8 de- 
scribed by the tip and margin of a wing in the motion 
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of flight The continuous line shows the extension, and 
the dotted line the flexion. A second line midway 
between the extension full and 
flexion dotted line would indi- 
cate the movements of the tip, 
but it is not shown for purposes 
of clearness. In Fig. i8 we see 
this movement carried out in a 
wave-like direction as in hori- 
zontal flight. Here a^ b repre- 
sent the wave crests, and r, d^ 
e up-strokes, and /" is a point 
corresponding to the anterior 
margin of the wing {radius)^ 
forming the centre of the semi- 
rotary down-stroke <2, g^ and g 
is a point corresponding to the 
posterior margin {brachials)^ form- 
ing the centre for the semi-rotary 
up-stroke d^ f. In Fig. 19 the 
diagram shows the mechanical 
action of the muscles, in order 
to spread the wing in extension 
and close it in flexion, the arrows 
showing the direction. 

The fact that the wing is 
both elastic and flexible is a 
necessary factor in considering 
its efficiency as a means for 
converting energy into useful 
work. The compound semi- 
rotary motion, aided by elas- 
ticity and flexibility, enables the wing in performing its 
functions to twist and untwist by partly vital and partly 
mechanical means, that is to say, partly by muscular 
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action and partly by the air resistance, the wing meets 
its own reverse current upon the return stroke which 
materially aids in the progressive flight. 

If the wings were not disposed in such a manner as 
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Fig. 19. 
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to have a semi-rotary movement on two axes {radius and 
brachial) with an eccentric stroke, the structure would 
be so cumbrous as to be controlled by the air instead of 
controlling it. 

When the wing descends the body is slightly elevated, 
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that is, the wing comparatively is active and the body 
passive. The descending body causes the wings to ele- 
vate, the body being active and the wing passive. The 
muscular force of depression upon the reaction of the 
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compressed air reverses the order. Four wings are most 
suitable for artificial wing flight, two on each side of the 
apparatus, the driving mechanism causing two to be 
elevated whilst two are depressed. 

Fig 20 illustrates the action of the wing upon the 
air,//' being the movable fulcra, or air resistance, />, / 
power applied to the wing surface, B the body, and x a 
universal joint, w, w' being weights upon extensions of 
p,p'. When the wing ascends at p the resistance/ re- 
tards it, and forces B or w down slightly. The opposite 
resistance/', when^' is on the downward stroke, similarly 
raises u or w'. 
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We come now to the production of winged flight by 
mechanism, to imitate nature as far as possible, and for 
purposes of illustration have chosen experimental sub- 
jects, some of which are capable of development for 
practical purposes, although hitherto made upon a small 
scale for laboratory experiments. I'ettigrew's piston 
wing (Fig. 2i) is an example worthy of notice, although 
its motion is confined to a single axis, 

A curved wing c, b is supported by the radius a in a 
universal joint, and connected by chains e,fto the upper 
and lower crossheads of a piston rod r, r attached to a 
piston s within a cylinder o, o, two elastic bands m, n 



38 



AERIAL NAVIGATION. 



being added, and placed so as to support the wing in its 
normal horizontal position when at rest. Air or gas 
under pressure is admitted by suitable valves alternately 
to the top and bottom sides of the piston j, and the 
reciprocatory movement thereof causes the wing to be 
correspondingly raised and depressed. The wing sur- 
face is strengthened by transverse bars g, h, / , d between 
the radius and the posterior horizontal member. Another 
movement adapted to the use of four wings is that em- 
ployed by Walker in his experiments. The wings are 
operated from universal or ball and socket joints w^ w\ 




h9-t 






\ 
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shown by Fig. 22, these joints having their centres in 
one plane y^^, and a cranked extension <2, a' upon the 
rolling part of the joint. Each crank ^, a' is oppositely 
situated relatively to the other. Two pinions r, (f are 
driven by a central spur wheel d, the axes being upon 
the line A, i. Crank pins upon the pinions c, c drive the 
joints Wy w by means of connecting rods ^, b\ Thus, 
although the crank pins complete a whole revolution, the 
joints Wy zv make a semi-rotation only, the dip being 
from forwards to backwards. This is effected by means 
of short links on the line yj ^ jointed to the crank pins 
Uy a! at one end and to the framework at the other. Thus 
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the displacement of air and consequent reaction tends to 
give a forward and upward movement to the apparatus, 
and the posterior pair of wings, by reason of the opposite 
movement imparted to them, continue the action of the 
first pair. A modification* of this arrangement provides 
for a rapid down and back stroke, and slow upward and 
forward strokes. The spur wheel d is made with two 
diameters, and each of the pinions ^, c similarly shaped. 
The larger diameter of d engages with the smaller 
diameter of c when that wheel is effecting the quick 
down-stroke, and the smaller diameter of d is simul- 
taneously driving the larger diameter of c whilst it is 
performing the slow up-stroke of the posterior wing. 
The arrangement is analogous to the quick return 
motion of an ordinary shaping machine. 

In Smythie's system he employs a carriage mounted 
upon wheels, the wings being flapped by a steam or any 
reciprocating motor. The resistance of the air to the 
up-stroke is reduced by making the wings of several 
overlapping parts, and giving the shafts liberty to turn 
in their sockets through an angle of about 35". Each 
wing may be made of a silken or linen web stretched 
between the tapering steel shaft corresponding to the 
radius, and a cord attached to a point just below the 
pin ^, Fig. 23, the shaft being held by a pin in a tubular 
socket E. The cranked double lever D has within it a 
circular eccentric sheave with an eccentric strap carrying 
the end of the link F, and centred at d. The ascent of the 
piston rod B pulls up the lower end of D by the links /, / 



* The last described differential gearing was used by me to 
operate valvular flapping planes of large area. The automatic 
valvular surface was found to be a failure, even at low velocities, the 
undulation of the displaced volume of air in no way conforming to 
the disposition and arrangement of the valves. 
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jointed to the crosshead c, the h'nk F pulling down the 
tube E with a very oblique action. The shaft of the 
wing thus turns through an angle of 35° by the action 
of the air. ' During the descent of the piston in the 
cyhnder C the pin a presses the tube E and link F up- 
wards. A flat sail is used as a steering tail. 

The apparatus made by Cornelius (Fig. 24) is designed 
to embody the mechanical principles brought into exercise 
in the flight of a bird, and consists in the combination of 
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a body capable of supporting the aeronaut with wings 
and tail of special construction. It is Intended to utilise 
the atmospheric pressure by "giving to the machine a 
lai^er underneath or supporting surface than the upper 
surface, and the reacting motion of the atmosphere 
against the action of the wings ; the principal feature 
in realising the latter effect being that such reaction 
shall take the same direction as that in which the flying 
body is to move." In flying, the wings and tail present 
concave surfaces backwards and downwards. The body/ 
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is strapped to the aeronaut's back, and may be provided 
with a saddle a. The wings r,r, having ball and socket 
joints e, e, and handles// are worked by the arms, and 
the part q' of the tail q is spring-jointed at g, and con- 
trolled by a cord and lever worked by the feet. Cords t, t' 
from a flat spring It bent overhead assist the forward 
strokes of the wings /•, ^,and the elastic cords or springs j 
impart a kind of feathering motion. A similar apparatus 
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may be provided with a motor, and attached to a car 
and aerostat. 

It is not a practical idea to construct a machine to 
carry a man, and to depend upon his unaided efforts to 
produce the required velocity of motion and power ; 
apart from the fact that continuous exertion is impossible 
owing to the muscular structure not being adapted to 
the requirements of sustained flight, we must consider 
the actual work done. Let a man weigh say 150 lbs.; 



42 AERIAL NAVIGATION. 

and a specially light machine lo lbs., and the compara- 
tively low rate of velocity be 60 ft. per minute, then 

1 50+ 10 X 60 = 9,600 foot pounds 

and the average v^ork of a man is 

33000 

— ^ — =4,125 foot pounds, 

which is less than half that which is needed. In this 
instance the value of the wings as aeroplanes must be 
depreciated, since the sensitive anticipatory function 
incidental to equipoise, such as obtains with birds and 
other flying animals, is non-existent in man. For 
instance, if a perfect mechanical model of a man was 
made in perfect proportion, and the walking movement 
exactly imitated, the body could not for a moment be 
supported upon the area of the soles of the feet. Yet in 
nature a man may immediately stand upon one leg, and 
cannot lucidly define the alteration of the equipoise nor 
the stages of its progress. That is because it is antici- 
patory, and man has it in walking perfectly, and a bird 
in flying, but the same sense is imperfect in the bird 
when walking, as in the man when attempting to fly. 
Therefore the basis of the apparatus for artificial flight 
is not to render a man capable of flying, but to construct 
a machine that will fly and carry a man who may control 
it without the necessity for an anticipatory or ultra- 
sensitive function of equilibrium. We do not for this 
reason enlarge upon this type of machine, although 
many have been invented and tried experimentally with 
indifferent success, some being adapted to cycles and 
wheeled frames. 

In Quartermain's apparatus the wings are actuated 
by an ordinary steam engine in which the steam is mixed 
with the products of combustion. These wings are 
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balanced by springs and arranged to flap together, and 
are mounted on rocking shafts which are on a swivel 
piece, and swive! joints are introduced in the connections 
to the cranks, so that the plane of flapping can be altered, 
a special arrangement being provided for altering the 
front pair independently of the others for steering pur- 
poses. The wings are curved transversely, and a flexible 
blade runs along the posterior margin of each. They 



Fi^. 



Z5 



are arranged to swivel through a regulated distance 
about a longitudinal axis, which is nearer the anterior 
than the posterior margin, by which arrangement useful 
effect may be derived from both up and down strokes. 

Capone's machine is shown in plan by the diagram, 
Fig. 25, in which the wings p,p are actuated by crank 
arms d, b' working in a frame «, and connected by rods c, d. 
They are freely suspended from the arms b, b by means 
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of rings /, but are independent of the arms b\ which 
serve merely to regulate their inclination. The rear part 
of each wing is preferably hinged to the main part, and 
works against stops, so that at the commencement of the 
upward movement it has a greater inclination to the 
horizon than the wing itself. The frame a is provided 
with a steering tail ^, and the mechanism is driven from 
any suitable light motor by the wheels r, /. 

Upon reference to Chapter I., dealing with the mem- 
branous wings of insects, we have noted that the longi- 
tudinal nervures each contain an inner spiral trachea, 
and that a theory of vibratory flight due to the dilation 
and contraction of these trachea has been propounded. 







Fig.TS. 



M. Victor Galliene has experimented in this direction, 
as shown by the sectional view, Fig. 26, in which ^ is a 
spiral elastic tube representing a trachea, and terminating 
in an elastic ball or air reservoir e. This is rapidly 
expanded and contracted by the vibration of a piston d 
within a cylinder c. Two elastic membranes ^, b' are 
stitched or sewn together in seams, so as to enclose the 
several trachea extending radially from the root of the 
wing, and operated alternately in pairs. Finely tempered 
steel wires of tapering form are used to impart the 
necessary rigidity to the structure. In the experiment 
there were eight cylinders, each operating the corre- 
sponding artificial nervure on opposite wings, four 
nervures to the anterior wings and four to the posterior. 
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The weight of the model was 9.42 oz., and an inflated 
aerostat attached to the frame had a buoyancy equal 
to 8 oz., leaving 1.42 oz. to be raised by the wings; a 
small electro-motor with a rocking shaft or beam operat- 
ing the pistons with the requisite progressive alternations. 
The power was derived from eight accumulator cells, not 
carried, but connected by flexible wires. The entire 
wing surface was 1.94 sq. ft., and the piston strokes 480 
per minute. The result was to raise the machine 18 in. 



from the bench, where it floated indefinitely with no 
progressive motion due to the mechanical effect, but 
very sensitive to air currents. When screened so as to 
be free from the effect of these currents, the movement 
was gyratory around an eccentric axis, which was pro- 
bably due to unequal balancing. The addition of two 
more accumulator cells in series had no further effect 
than to increase the velocity of gyration. Without 
condemning the theory as absolutely untenable upon 
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the result of this experiment, it does not appear feasible 
that the trachea are intended to produce the movement 
necessary for flight, but rather that they stiffen the wing 
at certain periods during its stroke in order to utilise the 
reaction of the air displaced. 

Middleton's wing motion is shown by Fig. 27, in 
which an oscillating cylinder c is mounted upon trunnions 
at /, the piston rod carrying a crosshead a within guides 
g. A connecting rod r couples the crosshead a with a 
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crank pin n upon a universal joint carrying the wing it, 
this joint being attached by its bearings to the trunnion 
t, so that it may oscillate with the cylinder c. A second 
connecting rod r operates a crank shaft o at the base of 
the frame, upon which is fitted a flywheel m to secure 
uniformity of motion, and also to maintain the oscillation 
o( c, which, in addition to the flapping movement due to 
the rod r and pin n, is necessary to produce the angular 
progressive action. 

In Marshall's apparatus (Fig. 28) a cylinder c is 
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mounted upon a car c by a hollow rigid mast m and 
stays s, s'. The wings w, w' are jointed to the mast at ^, 
and connected at a, a to two piston rods r, r, which are 




Fig.ZS, 



both attached to the same piston head. Upper and 
lower wings may be used, in which case the mast is 
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carried beyond the cylinder, and two pistons are em- 
ployed. Steering is effected by a pivoted vertical plane. 
In many cases valves or louvres are employed to 
lessen the resistance during the upward stroke, and an 
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example of this arrangement is shown by Fig. 29, in 
which the wing w is mounted upon a ball joint j with a 
crank pin /, and the surface is pierced for valves v 
hinged or freely suspended on the under surface so as 
to be closed by the air pressure on the down-stroke, as 
shown by the section. In actual practice these valves 
are useless. 

A wing motion is shown by Fig. 30, in which a crank 
disc a is rotated by a suitable motor, and connected by 
a connecting rod to the crank pins /, /, the pin / operating 
the ball joint u carried by the frame A, and forming the 
root of the wing w. The first movement of u is rotary 
until the pin p is stopped by the stop on A, when the 
continuation of the motion is downward, as shown by j 
in the diagram B, the first movement being according to 
X, and the result of the whole as z. A spiral spring s 
attached to a prolongation r upon u reverses this motion 
on the return or upward stroke. 

So far we have dealt with artificial wing propulsion 
briefly as according to known experiments, but in treat- 
ing of aeromotors or air-ships these and other motions 
will be detailed, since the aerostat, aeroplane, wing and 
screw propeller are frequently employed one with the 
other, or all in combination. 



CHAPTER V. 

SCREW PROPULSION, PADDLES, AND 

AEROPLANES, 

In dealing with the problem of the best mode of apply- 
ing motive power to overcome air resistance, we have to 
consider that the displacement and reaction of a volume 
of air at a given velocity is essential in the first instance, 
and secondly the added resistance of the wind when it is 
opposite to the plane of motion, or as an aid to such 
motion when it has the same direction. 

Air Resistance. — In calculating the resistance of the 
air as a pressure against a plane surface moved through 
it at a given velocity, we may deduce from experiment 
that the air resistance varies as the square of the velocity 
nearly, and to an inclined surface as the 1.84 power of the 
sine X cosine. The conformation of a plane surface makes 
no appreciable difference in the resistance, but the convex 
surface of a hemisphere with a surface area double that 
of the base has only half the . resistance, hence the ap- 
proximation of the true shape of the ends of elongated 
aerostats, or, what is still better, the employment of 
prolate spheroids.* 

* The resistance tables are based upon Smeaton^s definition of 
Rouse's experiments, viz., an air current with a velocity of 88 ft. per 
minute exerts a pressure of .005 lbs. per square foot on a flat sur- 
face. Dr Hutton shows that the resistance of a sphere is — , that 

2.4 

of a disc having the same diameter. Sir George Cayley found the 
resistance to a prolate spheroid, whose major axis was three times 

the length of the minor axis, to be — ^ that of a circular plate, the 

4.0 

diameter of which is equal to the minor axis. 

D 



so 
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Let P = pressure against plane a area in square feet, 
and V velocity in feet per second. 

Then P = .002288 az^2 = pounds per square foot. 

Power. — Having determined this factor, the following 
table will give the relative velocities and power : — 



Vklocity. 


P^WER. 


Miles 
per Hour. 


Feet 
per Minute. 


Horse Power 
per Square Foot. 


10 


880 


0.013 


15 


1,320 


0.044 


20 


1,760 


0.105 


25 


2,200 


0.205 


30 


2,640 


0.345 


50 


4,400 


1.64 


75 


6,600 


5-54 


100 


8,800 


13.13 


150 


13,200 


44.29 


200 


17,600 


105.00 



Calculated from HP = .00000000001926 av^y varying 
nearly as the square. 

Wind Resistance. — When air passes as a wind 
current into air of less density, the velocity of its passage 
is measured by the difference of the densities of the air 
in both cases. 

Let D = the maximum density, and d the minimum 
density in inches of mercury ; and / the temperature in 
degrees Fahrenheit at the time of passage, and V the 
velocity in feet per second. 



Then v= 1347 



.4x/^ 



(1+0.002088 /). 



d 
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SI 



And to calculate I = direct impulse in pounds per 
square foot. 

I = v-x. 006667 where v is knots per hour. 

I = v^x. 005016 where V is statute miles per hour. 

Table of Values of I. 



V. 




V. 




V. 




V. 




Miles 


I. 


Knots 


I. 


Miles 


I. 


Knots 


I. 


Hour. 




per 
Hour. 




Hour. 




|>er 
Hour. 




I 


.0050 


I 


.0067 


24 


2.89 


24 


3.84 


2 


.020 


2 


.027 


26 


3-39 


26 


451 


3 


.045 


3 


.060 


28 


3-93 


28 


5.23 


4 


.080 


4 


.107 


30 


4.51 


30 


6.00 


5 


.125 


5 


.167 


32 


5-14 


32 


6.83 


6 


.181 


6 


.240 


34 


5.80 


34 


7.71 


7 


.246 


7 


•327 


36 


6.50 


36 


8.64 


8 


.321 


8 


.427 


38 


7.24 


38 


9.63 


9 


.406 


9 


•540 ; 


40 


8.02 


40 


10.7 


10 


.502 


10 


.667 : 


45 


10.2 


45 


13.5 


II 


.607 


II 


.807 1 


50 


12.5 


50 


16.7 


12 


.722 


12 


.960 


55 


159 


55 


20.2 


13 


.84S 


13 


1. 13 


60 


18. 1 


60 


24.0 


14 


.983 


14 


1.31 


65 


21.8 


65 


29.3 


15 


113 


15 


1.50 


70 


24.6 


70 


32.7 


16 


1.28 


16 


1.71 


75 


26.9 


75 


37.6 


17 


1.45 


17 


1.93 


80 


32.1 


80 


42.7 


18 


1.63 


18 


2.16 


85 


36.4 


85 


48.59 


19 


1. 81 


19 


2.41 


90 


40.6 


90 


54.0 


20 


2.00 


20 


2.67 


95 


44.9 


95 


58.78 


21 


2.21 


21 


2.88 1 


100 


50.2 


100 


66.7 


22 


2.43 


22 


3.23 
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The relative kind of wind accompanying these 
velocities and pressures : — 



Hardly perceptible 
Just perceptible 
Light wind 
Light breeze - 
Moderate breeze 
Fresh breeze 
Strong breeze 
Moderate gale 
Fresh gale 
Strong gale 
Heavy gale 
Storm 
Great storm 
Hurricane 



Miles per Hour. 



From I to 2 

2 to 3 

4 to 5 

6 to 7 

8 to 9 

9 to 14 
15 to 20 
22 to 24 
26 to 30 
32 to 36 
38 to 40 
45 to so 
60 to 70 
80 to 100 



Pounds per Foot. 



From .005 to .006 
,, .02 to .04 
.08 to .125 
.181 to .246 
.321 to .406 
.406 to .983 

1. 13 to 2.00 
2.43 to 2.89 
3.39 to 4.51 

5.14 to 6.50 
7.34 to 8.02 

10.2 to 12.5 
18. 1 to 24.6 
32.1 to 50.2 



a 
>> 
»> 
I) 

a 



From the above data the details may be deduced 
by calculation respecting the area, angles or pitch, and 
velocity of screw propellers, paddles, jets, and the lifting 
power of aeroplanes when propelled under varying 
conditions of the air currents. It is obvious that the 
structure of an air-ship or aeromotor must be of sufficient 
strength to withstand the onslaught of a storm, which 
may suddenly arise before the ordinary precautions can 
be taken, the premonitory signs not being apparent at 
considerable altitudes in the same manner that obtains 
at or near the sea level. For instance, when the earth is 
obscured a fall in the barometer may mean an increased 
altitude, since under these conditions the rapid changes 
of the instrument render it comparatively useless as a 
weather guide. 
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Screw Propellers. — The action of a screw propeller 
as a means of moving a body through air is analogous 
to that of a similar propeller totally immersed in water, 
allowing however for the different degrees of density 
between the two media, and more especially that air is 
an elastic medium, and water is comparatively non- 
elastic. 

The work done in propulsion is due to the reaction 
of a volume of air projected backwards, which must be 
equal to the air resistance at the given velocity of pro- 
pulsion. There occurs a negative quantity termed slip, 
which is approximately S = P — rf where P = length of 
pitch, and d= distance advanced in one revolution, then 
S = slip in feet or other terms of measurement of P and d. 

Unless the volume of air displaced be of infinite 
quantity, the slip is a necessary factor. 

In calculating the proportions of a screw propeller, 
before type and form are considered, the first problem 
is : What is the best proportion between these and the 
volume of air displaced ? Or in other words, the proper 
ratio of diameter and pitch, with a constant or varying 
velocity. It may be borne in mind that the weight of 
a prime motor generally varies inversely as the speed 
in revolutions per minute, and the energy of reaction of 
displaced air r varies as r x V^. Thus the propeller area 
which will propel an air-ship with a given slip ratio is 
directly as the air resistance and inversely as the square 
of the speed, and at such moderate speeds as are attain- 
able, the same propeller area will overcome a given air 
resistance with a given slip ratio, and areas varying 
directly as the squares of the resistances. At high 
velocities the slip ratio increases with the given pro- 
peller area. 

The maximum of efficiency is not obtained by ex- 
tending the area of the propelling plane to minimise 
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the slip, but the slip angle that gives the maximum. 

The value of ^ ( = ^.00047) which gives the maximum 
efficiency is the same whatever be the actual pitch angle. 
The speed rule is (exclusive of slip) — 

v = velocity in miles per hour. 

P = pitch of propeller in feet. 

R = revolutions per minute. 

88 v 



Then R = 



P = 



p 
88 V 



R 

v = i2i 
88 

The pitch of screws varies as the ratio of the area of 
the disc or circle described by the tips to the area of the 
air-ship affording resistance to the air through which it 
passes, i,e,y the maximum sectional area.* 

In the Case of Two Blades. 

Ratio of disc to section is I to - - 6.0 5.0 4.5 4.0 3.5 3.0 2.5 
Ratio of pitch to diameter of disc is I to 0.8 1.02 i.ii 1.2 1.27 1.31 1.4 

And if Four Blades are Used. 
Ratio of pitch to diameter of disc is i to 1.08 1.37 149 1.62 1. 71 1.76 189 

The area depends upon {a) the shape or type of pro- 
peller ; (J?) the situation of it in the air-ship or aeromotor ; 

* Haussmann gives as the best proportions for air screw pro- 
pellers, the angle to be from 18° to 23** pitch = diameter x 1.333, the 
latter being for three blades, which he considers to be a preferable 
arrangement to one or two blades of large area, or four blades of 
less area. This prevents the double displacement of the volume 
of air, and the consequent loss of power by subjecting the surface 
area to air in which the density is increased by displacement, and 
to which the maximum velocity is already imparted. 
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{c) whether it is shrouded or not ; and (d) how many 
propellers are used. 

Fig. 3 1 shows in the side elevation A and end elevation 
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B the evolution of Rennie's screw propeller from Erichsen's 
original adaptation of a double helix (Fig. 32). Rennie 





Fig. 32, 



adopted an inverted cone as a basis of construction and 
modifications of these types. 

Sir George Cayley made many experiments in the 
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application of an elastic screw propeller for aerial pro- 
pulsion, but did not go beyond laboratory practice. 

In Fig. 33 is shown one of his aeromotors, which, 
although a toy, serves to mark a distinct advance in the 
progress of this branch of science. Two corks Cy c are 
connected by light cane rods a, a\ and a wire hook e^ is 
rigidly attached to c, A similar wire hook e passes 
freely through ^, and is fixed to a cork d carrying two 
vanes or feathers Wy w forming the blades of the pro- 
peller. An elastic band b is stretched between the hooks 




By /, which may be wound up by twisting the propeller 
on d in the opposite direction to which it is to travel. 
When released, the tension of b causes the propeller to 
revolve rapidly in the right direction, resulting in a short 
aerial flight of the apparatus. Cayley further duplicated 
this arrangement by adding a reverse propeller to the 
hook e\ 

Various types of elastic propellers have been con- 
structed upon the lines of Erichsen or Rennie, such as 
that shown by Fig. 34, in which the blade is built up of 
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thin metal sheets or lamina a superimposed upon each, 
and slotted to freely receive a stud b attached to the 




preceding plate, in a similar manner to the building up 
of a coach spring. 




Henderson's propeller (Fig. 35) has a triangular boss, 
and the blades a are tangential to the boss at their lines 
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of attachment b. The sections of each blade a parallel 
to the edges follow regular parabolic or hypobolic curves, 
and the lines or edges b are in planes parallel to the axis, 
and the other edges are perpendicular thereto. 




Fig 37. 

In Fig. 36 is shown Vogelsand's propeller, in which 
the blades are arranged equidistantly around the boss, 
or in pairs, each being similar to the one diametrically 




opposite, but has its leading and trailing edges reversed 
in direction to, but similar in curvature to, the trailing 
and leading \edges of that on either side. They are 
alternately be^t back and forward in the plane of rota- 
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tion, so that the water is thrown away from and towards 
the hub alternately. In the example shown, the blades 
may be made integral with the boss, but the design is 
equally applicable if they are bolted on. One edge of 
each blade may be straight, or partly straight and partly 
curved, and the other in the form of an ogee ; and the 
pitch may be uniform or variable throughout the blade. 
The tips may He in different planes, but the roots must 
lie in approximately the same plane. 

Boisset and Mercier's screw propeller is shown by 
the elevations. Fig. 37, and the corresponding cross 
sections, Fig. 38. The efficient maximum width is 
estimated at one-fifth diameter at a point three-fifths of 
its length from the boss. The pitch is six times the 




diameter, and the maximum inclination of the blade at 
the tip about 64°. The edges of the blades from b to b' 
are straight, and project beyond the boss, and the edges 
from ^ to ^ and from b' to cf are curved, while the tips 
are straight. Near the boss the propeller is convex, and 
becomes concave about the middle of the length, and 
straight near the tip, while the angle it makes with the 
axis increases from the boss outwards. This form of 
propeller in its revolution drives the displaced air toward 
a point in the axis about twice its diameter to the rear. 
It is preferable in practice to obtain the highest effici- 
ency by using two propellers of opposite hand, arranged 
tandem-wise. 

Fig. 39 illustrates Williams' propeller, in which the 
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distinguishing feature is that the blades are so con- 
structed that the pitch increases uniformly from the 
periphery to the axis, where it is infinite. 

b 




Fig,W. 

Alexander's flexible propeller is shown by the side 
and end views, Fig. 40. A tubular Z frame ab is 
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mounted upon an axis d, the ends being connected by 
a strong but light wire stay c, the blades e being attached 
to abc^ and made of thin elastic sheet metal, or of fabric, 
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and suitably curved. The device is not a true propeller, 
since it cannot be properly pitched, but as a light elastic 
impulse appliance in air it has some merit. 

According to F^raud, the proper method of construc- 
tion of propellers for air displacement is to set out a 
series of concentric cylinders as shown by Fig. 41. The 
concentric cylinders ^:rf, ^have a common axis aby which 
is also the centre line of the propeller shaft Upon each 
cylinder is described a helix ghi of given inclination, 
gd being the pitch equivalent of the periphery. The 
surfaces between this and the axis are filled in to corre- 
spond to the curves set forth by the helices. 



ni/ 




Schmidt uses a shrouding which has inverse blades 
and may revolve oppositely to the propeller proper, or 
may be stationary. This is shown by the end view. 
Fig. 42. The ordinary screw propeller h revolves in 
the direction of the arrow, and is enclosed by a ring k 
with vanes or blades m inclined in a contrary direction 
to those upon the propeller h. The ring k and propeller 
h are revolved in opposite directions at the same angular 
velocity, and the object of using k is to utilise the energy 
of the displacement of air caused by h. 
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In Fig. 43 a propeller blade with "gliding lips" is 
shown, the invention of Mr W. Child. These lips are 
formed upon the leading and trailing edges of the blade 
as indicated by the dotted outline on the end elevation 
and cross sections in the figure. The circumference of 
the boss at its greatest diameter is equal to the pitch 
of the screw, and the contour is such that upon cutting 
it by a series of equidistant planes perpendicular to the 
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axis the enclosed area diminishes as the rear end of 
the boss is approached, on account of its increased 
size. This form of propeller is particularly adapted to 
enclosing rings or casing, both fixed and movable. 

Another instance illustrating enclosed propellers is 
that of Storz, shown by Fig. 44. The propeller boss a 
is comparatively massive, and of considerable diameter 
relatively to the curved blades b, and revolves in a 
partially closed casing c, so that the skin or frame d 
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of the aerial machine is tangential to the boss a. The 
direction of the arrows indicates the direction of the air 
current. It has not yet been deduced from experiment 
or demonstration that a real gain is effected in the work 




done by a propeller by enclosing it peripherally in an 
immobile casing. It is an undoubted advantage to 
obtain the full value of the reaction thrust. 

This has more or less been provided for by Vogelsang, 




* ^ > 



Fig, 45. 

as shown by Fig. 45. Here, in front of the propeller by 
revolving on the shaft j, and concentric therewith a 
portway mounted upon a bracket, and contracted at the 
central cross section c, so that the air displaced by the 
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revolution of the propeller b may, in rushing through the 
contracted portway, set up a reaction which materially 
assists propulsion. 

The difference in the density and behaviour of dis- 
placed air in the case of effecting propulsion by screw 



propellers relatively to water as a medium has given 
rise to the inception of various kinds of screw to produce 
the required effect with due regard to the elasticity of 
the air. Some inventors rely upon a rigid structure, 
carefully plotting the curves comprised in the blades to 
displace, and at the same time to utilise the comparative 
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solidity due to the reaction of the mass. Others, again, 
depend upon automatic adjustment according to the 
air resistance against some form of elastic spring, in 
some cases applied to otherwise rigid blades, and in 
others adopting an elastic structure for the blade itself 
upon a boss which is immobile except for its revolution 
upon its axis. 

The construction of a screw propeller in which the 
face of each blade is a portion of the surface of a cone, 
the axis of which is inclined to the 
surface of the shaft, is shown in set- 
off by Fig. 46. The pitch lines ^, c, 
d, By y, gy ky i are the intersections of 
the conical surface with cylinders 
concentric with the axis AN of the 
propeller, the relative angles being 
shown as from 0° to 180°. This type 
is generally known as the Adams 
propeller, and may be formed with 
semi-elastic blades of sheet metal 
pressed into shape by inverse tem- 
plets constructed upon the lines set 
down in the diagram. Another type 
of semi-elastic propeller is that of 
Pennington and New (Fig. 47), in 
which a radial rib of steel b has a 
heavy curved head c forming the 
periphery of the propeller and also acting as a fly-wheel. 
The surface or web a of the blade may be made of thin 
sheet metal, wood, or with edges of semi-elastic, light 
material, and filled in with fabric of some suitable 
texture. 

An example of the mobile type of blade is that of 
Heathorn. The propeller blades v shown by Fig. 48 
are mounted upon a hollow boss upon a shaft cranked . 

£ 
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oppositely at c, if and common to both opposite blades. 
Stout elastic bands y of rubber, or steel springs, tend 
to maintain by their tension the cranks c, c' in close 
proximity to fixed pins z, which are coupled to the 
cranks by the bands or springs y. The blades v thus 
resist the angular inclination in rotation automatically, 
and adapt such inclination as may be induced by the 



velocity. It is obvious that a considerable loss of power 
must result from an indefinite angle and variable pitch, 
.especially in the case of high velocities. 

"\ Razeau's propeller is of the multivane type, and is 
shown by the two views, Fig. 49. A number of helical 
blaoes a, b, c, d' are attached to a large boss B on the 
shaft \k to form the screw propeller ; the outer edges of 
these may be free, or are attached to a conotdal ring or 
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hoop de. Curved surfaces /, g, H, and /, nt; are fixed to 
the shaft K, one on each side of the propeller, to deflect 
the currents of displacement to the blades, and re- 
combine them so that all the energy due to reaction 
may be utilised in propulsion without undue shock due 
to intermittent impulse. 

Paddle Propellers. — The use of paddles in aerial 
propulsion is not broadly advocated for the reasons 
that as a means of displacing air and utilising the 



reaction of the induced currents, the necessary high 
velocities cannot be sustained effectively, since the 
feathering motion of the paddles, an essential function, 
at all times attended with considerable friction in the 
moving parts, is retarded by the action of centrifugal 
force upon the fulcrums of the vanes. This is negligible 
at low rates of speed, but as high speed is indispensable 
it is a decided disadvantage An open paddle with 
radially fulcrummed vanes is impracticable unless the 
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leverage upon the axis is varied considerably during 
its rotation. That is to* say, an ordinary feathering 
paddle wheel must be partially cased, or if the wheel 
is open the feathering action must be modified so as 
to reduce the radius of the leverage. Two examples 
are shown illustrating both methods. First, Oetling's 
feathering paddle, shown by Fig. 50. 




Fig. 50. 

In this device the wheel revolves in a partially open 
casing a, and the vanes d, c are pivoted upon the arms, 
and are feathered by turning the'm once about their axes 
for every two revolutions of the wheel. This is ac- 
complished by means of two eccentric cams d^ ^, into 
which the inner ends of the arms f are directed alter- 
nately by tongues g^ h engaging in the grooved cam 
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paths. The openings in the casing a may be regulated 
by suitable doors. In Martin's wheel, shown in elevation 
and plan by Fig. SL the blades are pivoted at d to 
a revolving boss c, and carry riding irons g, h, which ride 
on a cam/ and shift the blades from the right hand in 
which they make their down-stroke, the propelling 




position, to the left hand, or idle position, in which they 
make the up-stroke. 

Jet Propulsion. — Many inventors have sought to 
effect aerial propulsion by pressure jets, of steam, gases, 
or the reaction of explosion. The point at which the 
jet issues, a nozzle, for instance, is of small area, so 
that the area of displacement is also small where the 
maximum pressure is available by impact to produce 
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motion. The fluid issuing from the nozzle at a high 
pressure expands as an inverted cone of which the apex is 
the orifice. The volume thus increases and the pressure 
diminishes in inverse ratio, thus the effective work done 
may be estimated by the displacement of air in pro- 
portion to the volume of the cone at the mean pressure 
in a given period of time. If the pressure is derived 
directly from a steam generator, it is a wasteful method 
of utilising the initial energy ; and if from a storage 
reservoir, the waste is greater, since power has to be 
employed to store gas under pressure. The system is 
equally inefficient when surfaces are added to utilise 
the energy of reaction, whether with single or multiple 
nozzles. It is equivalent to an attempt to convert 
a gun carriage into a locomotive vehicle by employing 
the energy of the recoil due to successive discharges as 
a motive power. Therefore, among the many recorded 
but unsuccessful experiments in this direction there are 
none to which we can refer in detail.* 

Aeroplanes. — Probably the lifting power of a kite, 
and the pull exerted upon the cord, originated the idea 
of a plane surface suitably inclined so as to rise when 
a forward movement is imparted to it, and maintained 
during the flight. It has been amply demonstrated 
that a suitably designed aeroplane will rise in the air, 
and carry its load, but no extended flights have hitherto 
been accomplished. There is, in such a machine, a 
considerable inert mass which is unavoidable, and thus 



* The only way in which a jet can be used with any degree of 
efficiency, is to employ it within a trumpeted casing so that it may, 
by its initial velocity, set up a lesser velocity in a larger volume of 
air which may appreciably react upon the surrounding atmosphere 
to cause motion. The analogy in this case is that of the steam 
pressure ejector, and not that of the oft-quoted H.M.S. Watenvitch. 
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when once in the air, at the mercy of every variation of 
the wind currents, the maintenance of equilibrium must 
be automatic, involuntary and anticipatory as it were, as 
in the action of a man standing or walking, or a bird 
soaring. This attribute is yet in the future, so far as 
mechanical action is concerned, whether automatic or 
under human control. The larger motive aeroplanes 
have been provided with a railed track, to attain the 
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Fig 52 



required velocity previous to actual flight. An upper 
rail restrains the tendency to premature ascent. No 
provision has been made as yet for descent in the open 
country or elsewhere, nor is the direction of motion 
capable of being diverted far from the point from which 
the wind is blowing. We shall presently find, when 
dealing with the construction of an air-ship which alone 
renders aerial navigation possible, that the aeroplane, if 
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impracticable as a means for flight used alone, is a 
valuable accessory to the air-ship. 

Before entering into the subject of the aeroplane 
and its development, it will be well to consider the 
action of the wind upon an inclined surface at rest. 
Referring to the diagram, Fig. 52, let d be an inclined 
surface at rest, r the wind pressure, w a suspended 
weight, and B angle of inclination to the wind, and / 
pressure of wind per square foot at normal, i^., if the 



surface was directly opposed to it instead of being 
inclined. Then the resultant pressure per square foot 
on the oblique surface P is — 

■^ I +cos^ Q 
and/ = .OOSi'^ in miles per hour, 
or p=.002iv^ in feet per second. 
So the value of the lifting power upon w may be cal- 
culated if the area of the plane a is defined in square 
feet, or the weight of w in pounds if it is raised. 
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M. Pinaud carried out many experiments in motive 
aeroplanes, one of which, a toy, is a modification of 
Sir George Cayley's device shown by Fig. 53. An aero- 
plane w and tail vane t are attached to a frame a^ between 
the ends b^ b' of which is stretched a twisted rubber band 
e, which, when wound up in tension, rotates a propeller 
p, affording a sustained oblique flight. 

Mr Wenham devised a multivaned aeroplane, in 
which the lifting vanes were superimposed upon each 
other similar to a set of bookshelves. This doubtless 




has developed into the " box " kite in use for military 
purposes. Stringfellow improved upon this apparatus 
in 1868, adding motive power and screw propellers, and 
his machine is illustrated by Fig. 54. The planes a, a\ a" 
are superimposed as in Wenham's device, and the 
generator and motor b fixed on the lower plane a'\ the 
propellers ^, (f revolving through spaces formed in a\ 
which also carries the prow and tail vanes. The total 
weight was only 12 lbs., inclusive of the water required 
to generate the steam, although the power developed 
was 1.3 H.P. A trial took place at the Crystal Palace 
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under the auspices of the Aeronautical Society of Great 
Britain, and Mr Stringfellow obtained an award of ;£'ioo 
on account of the h'ghtness and efficiency of the motor 
apparatus. The apparatus ran upon an extended wire, 
and although the machine travelled at a high rate of 
speed, it did not leave the wire. 

Henson at the same time made a large aeroplane 




Fig 56 



shown by Fig. 55, in which the horizontally extended 
planes a, a! were 40 ft. from end to end. A cigar-shaped 
car d carried the motive power apparatus for operating 
the screw propellers c and also the aeronaut. Steering 
was effected by a tail vane b, and broad-tyred wheels 
were fitted below the car to carry it while the initial 
velocity was attained previous to ascent, and also to 
facilitate landing when descending. This made several 
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flights of short duration, but was generally a failure for 
the reasons we have previously explained. 

In Crease's aeroplane the lifting planes are merely 
adjuncts, the actual lifting being accomplished by screw 
propellers with vertical axes. This device is shown by 
F^g' 56, in which an aeroplane a has a light framework 
covered by fabric. A deep keel i supports a tubular 
platform or car d having a hollow base e for storing the 
liquid fuel or gas under pressure. Two motors yj/^ on 
the platform d drive a vertical shaft g which transmits 
the power by means of a spur wheel k and pinions to 
two propellers b^ over which two orifices are formed in 
the fabric of the aeroplane for the emission of the dis- 
placed air. A stern propeller h controlled by clutches 
jyj affords horizontal propulsion, and steering is effected 
by changing the position of the balance weight m as 
shown by the dotted lines. 

Sir Hiram Maxim has carried out extensive experi- 
ments in dirigible aeroplanes, and in the course of 
developing his ideas, has been successful in producing 
effective motors and generators of extreme lightness and 
portability, which will be noted under the head of Motive 
Power in a succeeding chapter. 

In one of Maxim's machines (Fig. 57) the aeroplane 
B is trussed and stayed with wires, and covered on both 
sides with fabric, which is stretched tight on the under 
side, and is perforated for the air to pass through, so that 
the weight is supported by the top surface. The lifting 
planes N are arranged step-wise as shown, and made 
long and narrow, and in some cases hollow to form a 
surface condenser, and are supported by bowed tubes O, 
carrying the exhaust steam and condensed water. The 
motor L drives the propeller M by steam pressure from 
a generator G. A vaporiser H is connected to a suitable 
burner T under the generator G. The whole is supported 
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when at rest upon wheels W, and steered in flight by sail 
rudders /fixed on pivots to B, fore and aft. 

In another machine, constructed by Maxim, and 
shown by Fig. gS, the main aeroplane a is pivoted upon 
a vertical support ^ carrying a car d mounted upon 
wheels y, and the inclination of a may be adjusted and 
regulated by suitable ropes, pulleys, and a winch. Wings 
may be attached to a to which a downward motion is 
automatically imparted by the impact of the wheels / 



Fi^- 58. 

upon the earth in descent, the arms g being connected 
to drums s for that purpose. Light screw propellers e 
are rotated by engines driven by the pressure generated 
in a boiler or other generator c, a chimney c' carrying 
off the products of combustion, pipes m conveying the 
vapour or gas under pressure to the engines. A supple- 
mentary condenser of the flat film type is added to the 
tubular framework, and by its structure may form part 
of the sustaining planes of the apparatus. 

Sir Hiram Maxim has further modified his aeroplane 
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in the manner shown by Fig. 59, in which the machine is 
supported in the air by two large screw propellers, one 
upon each side, driven by nearly vertical shafts. One of 
these screws C^ is shown in the elevation. It is four-bladed, 
and is of small pitch. The shaft b is slightly inclined 
from the vertical in a forward direction, and is driven by 
the four-cylinder steam or gas engine D. The blades of 
the screws are stayed so as to automatically diminish the 
pitch as the air pressure below them increases. The 
leading edges of the screws C^ are stayed to a fixed 




Fig.SB 



collar C^ upon the shaft b, and the rear edges to a sliding 
collar a attached by a spring s to the bearing collar, and 
controlled by a hand wheel i. The frame is mounted upon 
three wheels hy the leading and trailing wheels being 
adjusted in height by means of hand wheels ^, c'. In 
addition to the large screws already described, the 
machine also carries two smaller screws y,/', one in front 
and the other behind. These are mounted with their 
motors gy gl on trunnions, so that the screens may be 
either lifting, lowering, or propelling, and are preferably, 
like the lifting screws c\ made of a light metal frame- 
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work, and covered with strong fabric, In starting the 
machine it is run forward upon the wheels until the 
screws c^ exert their effect in lifting the apparatus, and 
act in the manner of aeroplanes or wings. The loose 
collar a and spring s admit of a feathering action by 
presenting the least surface in front. Rolling is counter- 
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acted by the automatic action of a weighted pendulum 
which cuts off the motive fluid from the engine on 
the rising side, and giving a full supply to that upon 
the lower side. Fore and aft balancing is effected by 
a sliding platform controlled by a hand wheel. The 
motors D have four cylinders arranged in pairs opposite 
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one another and driving cranks at 1 80°, so that with a 
four-stroke cycle an impulse is obtained every half 
revolution. The motors are preferably driven by acety- 
lene, which is stored in reservoirs k and mixed with 
about yV by volume with acetone or acetic ether to 
produce a mixture which can be kept liquid at a lower 
pressure than acetylene alone. The tubular framing may 
be utilised as a condenser. 

Beenen follows this mode of construction in the 
apparatus shown by Fig. 60. Two cars E, E' are used, 
the former for passengers and the latter for carrying the 
motor M (not shown). A lifting screw F and horizontal 
propelling screw f' are adapted to the frame, and driven 
by suitable gearing by the motor. The machine is 
steered by means of a fan or propeller s» The shafts of 
the lifting and propelling screws F, F' may be inclined so 
as to allow the screw f' to assist in lifting, the collar m 
being adjustable around the quadrant g. The screws 
F, f' are constructed with a hollow conical centre/j/"', and 
a ring of vanes made concave on the pressure side are 
pivoted in radial bearings. The inclination of these 
blades / can be adjusted by rods / joined to a sliding 
collar h, the position of which can be regulated by a slid- 
ing collar //, rod h\ and handle within a suitable quadrant. 
Wheels r and runners are provided to facilitate move- 
ment upon the ground in ascent and descent 

Davenport constructed an aeroplane shaped like a 
bird, the body being the car, and carrying the motive 
power apparatus. The wings were rigidly attached to 
the body, and of great superficial area. The wings were 
strongly made in two layers superimposed with a space 
intervening. The lower surface was of open framework, 
carrying a number of fans with vertical axes, and driven 
by the motor through bands, or rope gearing. The 
upper surface was slotted and provided with valves at 

F 
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close intervals, which closed automatically by pressure 
underneath, but freely opened under top external pres- 
sure. A large tail vane effected the vertical and hori- 
zontal steering, and the mode of progression was to 
ascend vertically, and glide forwards and downwards, 
and this process being repeated, propulsion was effected. 
The aerocurve is a formation of the aeroplane proper, 
in which the latter is stepped into a series of curvilinear 
surfaces, derived from a cissoid, the upper or passive 
surface being parallel to the asymptote thereof. It is a 
complicated and somewhat expensive mode of construc- 
tion, but when the opposing angle is between f and 15** 
at a velocity of 88 ft. per minute, the retardation due to 
the shape and angle gives a lifting power of .00397 lbs. 
per square foot, and proportionately according to iP'. 



CHAPTER VI. 
MOTIVE POWER, 

In dealing with the subject of motive power, we must 
bear in mind that the construction of any motor, gene- 
rator, and storage apparatus must afford the maximum 
of effective power at a high rate of speed, and the 
minimum of weight. We may divide the various types 
suitable for the purpose under the following heads, viz., 
vapour engines (explosive), such as petroleum and other 
internal combustion motors ; steam engines (water or 
spirit vapour), generators, electric motors and accumu- 
lators, and motors operated by compressed air or gases 
stored in reservoirs. 

Fuel. — In the first place, we may compare the value 
of fuels as adapted for storage, consumption, and appli- 
cation to aerial navigation. Coal and solid fuels are 
not adapted to close storage, and the calorific power is 
far below that of liquid fuels. The three units of heat 
now in use are the B.T.U. (British thermal unit), being 
the amount of heat required to raise i lb. of water i° 
Fahr. This unit is in ordinary acceptance in this 
country, but to facilitate general research we may give 
the equivalent values of the P.C.U. (pound Centigrade 
unit), the amount of heat required to raise i lb. of water 
1° Cent, and the cal. which is the amount of heat required 
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to raise i kilogram of water T Cent. The conversion 
factors are — 

Convert B.T.U. into P.C.U. x 0.555 



„ B.T.U. 


„ Cal. 


X 0.252 


„ P.C.U. 


„ B.T.U. 


X 1.8 


„ P.CU. 


„ Cal. 


X 0.3423 


„ Cal. 


„ B.T.U. 


X 3.968 


„ Cal. 


,} P.C.U. 


X 2.921 



The combustion of a hydrocarbon occurs when the 
temperature is sufficient for the heat evolved to produce 
luminosity, and complete combustion takes place when 
the highest point of oxidation is reached. Incomplete 
combustion is shown by unconsumed by-products, and 
the escape of the gaseous residue at a low degree of 
oxidation. For instance, the by-products should consist 
only of water and carbon dioxide (CO2), and the result 
of inefficiency is the presence of soot as a solid carbon 
by-product, and free hydrocarbon or carbon monoxide 
(CO) as a gaseous by-product. 
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The following table shows the values in B.T.U. of 
various fuels and constituents, upon the basis of Pullen's 
calculations : — 



Solid Liquid or Cat ^^ 


ii 





'Carbon 
Caibon dioxide 
Carbon oxide 

Hydtc^en - 
NitT<^en 
Marsh gas - 
Olefiant gas 
Qjiygea 

Sulphur 

Sulphur dioxide 
Petroleum, rellned 





.0009 


.1377 


.1090 






11.97 


10S.7 


.2411 






14.540 




.IMS 


.2164 


.iS3S 


C0^43-9 






.0784 


.2479 


.■758 


CO.27.9 


4,370 




■033S 








17,800 


I.OO 


.0056 


3.4CM 


2.414 


Hj.2 


61,260 


14.01 


.0784 


.2440 


 1730 


Na.28 






.0448 


.5929 


.4701 


CH..1S.9 


26,400 




.0784 


.404 




Call,. 27.9 


21,300 


'S-96 


.0896 


.2182 


.156 


Oj.31.9 






•05 


■47SO 


.34 


HA 17-9 




31-98 


.127 
.1792 


.2026 




Sr63.9 
S.fi-67.9 


4,000 

22,00O 




54-3 








20,000 



* This applies to approximately pure carbon — graphite. 



Petroleum in most of its many forms has theoretically, 
weight for weight, 33 per cent, higher evaporative value 
than the best steam coal. Its useful e^ect is 15 per 
cent, greater than that of anthracite, which is the best 
known kind of steam-raising coal, since petroleum can 
be reckoned as 75 per cent, efficiency instead of 60 per 
cent. So, to sum up, petroleum may, weight for weight. 
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be practically considered as from 63 to 75 per cent, 
higher than the best coal. 

The following table shows the comparative values of 
petroleum, fuel, and coal : — 



Fuel. 


Specific 
Gravity, 
32° Fahr. 


B.T.U. 


Evaporation 
Poands Water 
at 212° Fahr. 


Best steam coal - 


1.380 


14,112 


12.16 


Refined petroleum 


0.928 


17,832 


17.10 


Caucasian heavy crude 


0.938 


20,850 


17.30 


Caucasian light - 


0.884 


22,027 


22.79 


American crude - 


0.886 


20,736 


21.48 



Therefore we may assume that for purposes of aerial 
navigation liquid petroleum fuel will be preferably used. 

Generators. — The requirements of the equipment of 
an air-ship demand the maximum amount of power 
with the minimum of weight, therefore the tubular form 
of construction appears best to meet the circumstances. 
A relatively small and continuously injected volume of 
fluid and a restricted steam space renders the generator 
rather a rapid high-pressure gas producer than a steam 
boiler. Sometimes a volatile liquid is employed, the 
boiling point of which is less than that of water, and the 
tubular structure of the frame of the aerial machine is 
utilised as a surface condenser, with an auxiliary con- 
denser if necessary. The disadvantages are in the 
difficulty of efficiently packing the glands and stuffing 
boxes of the moving parts, the vapour being extremely 
rarefied, and permeating freely what would be a steam- 
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tight joint ; and the leakage is also attended with danger, 
as its admixture with atmospheric air is highly explosive. 
If, on the other hand, absolutely pure or distilled water 
is not maintained in the circulating system, scaling takes 
place to the detriment of the tubes, and the nature of 
the construction does not allow of any cleaning process 
but by the use of a chemical solvent, which is in itself a 
source of degeneration. 

We can, within the limited space afforded, only give 
examples of the best generators suitable for the purpose, 
making no compafisons advocating or depreciating any 
particular design. 

Maxim's generator is shown by Figs. 6i, 62, and 63. 
The medium may be water, or gasoline or other liquid 
hydrocarbon that is volatilised at a low temperature. 
This is supplied through a feed pipe k to the boiler g, 
leading through a chamber/^, pipes k^^ k^y /^^ a chamber/^, 
and pipes k^ to the bottom of a central chamber from 
which it forces by induction the re-condensed vapour 
into the heating pipes h^ above the heater «^ «^ n^. The 
vapour passes from the annular pipe h^ through tubes //* 
into the annular space between the chamber // and the 
central chamber /, from whence it passes to the latter 
chamber tangentially through suitably formed orifices /^ 
Fig. 62, to chambery*, pipes /, /^, /^ to another chamber/^, 
from which it passes to the engine by the steam pipe m. 
The tubes h^ are connected to the pipe /^ and chamber // 
by specially constructed unions, consisting of a conical 
screwed nipple A^ Fig. 63, and a corresponding nut h^. 
The tubes «\ n^ and deflectors n^ of the burner are made 
of nickel or an alloy of nickel and iron. The supply of 
gas or vapour is regulated automatically by the boiler 
pressure or by the temperature, the latter of which acts 
by the expansion of water in a chamber /, forming an 
annular jacket to A. The heating surface in this type of 
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generator is very great, and consequently the liquid and 
steam spaces are restricted, requiring a constant feed. 

Another generator, preferably for water produced 
steam pressure, is shown by Figs. 64, 65, and 66. It 
is the combined result of several inventions, and there- 
fore cannot be classed as a distinctive apparatus. It 
consists of an outer shell A, at the base of which is a 
hydrocarbon vaporising chamber E provided with a 
number of Bunsen burners F. A number of tubes b are 
fitted with specially constructed tee unions c at each 
end, so that a uniform fluid circulation may be obtained 
from the inner to the outer ring of tubes. Central tubes 
a pass through the middle of the outer tubes, and also 
through the unions r, and these form the outer tubes of 
the Bunsen burners F, the heat from combustion passing 
through and heatihg the inner surfaces of the tubes ^, 
and being diverted by diaphragms or baffle plates (not 
shown) passes downwards, thus heating the outer surfaces 
of the tubes b before passing to the atmosphere by the 
orifice/] The system is kept full of fluid by a constant 
and regulated feed at D, the steam passing from df to a 
steam reservoir or holder B, from which it is taken to the 
engine by the steam pipe C. Thus the annular capillary 
space e between each inner tube a and outer tube b pre- 
sents a large surface for heating a comparatively small 
volume of fluid. The liquid hydrocarbon fuel is supplied 
under pressure to E by an inlet t. The drawing, Fig. 65, 
being to a larger scale, illustrates the arrangement of the 
two tubes. 

Another form of generator designed by Maxim is 
shown by Figs. 6"] and 68. This consists of a large 
number of thin metal tubes A of small diameter, con- 
nected with larger tubes A^ forming headers or water 
chambers, and arranged in tiers as to the upper part, but 
entirely surrounding the furnace at the bottom. The 
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tubes are furnished with ribs or wings A* for facilitating 
the transfer of heat. The headers A' are divided so that 
tlie water which is forced in by pumps follows a sinuous 
course from the cooler to the hotter portion of the 
furnace, and finally delivered into a steam drum c com- 
pletely vaporised. The capacity of the generator is 
sufficient for effecting a few strokes of the engine only, 



and the circulation of water is provided for by the 
exhaust, which is condensed and used continuously. 
The generator is heated by liquid or gaseous fuel, which 
with the water is supplied by a combination of pumps in 
predetermined relative proportions. The burners, shown 
detached in section by Fig. 67, consist of a series of 
perforated tubes D into which the fuel is forced along 
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with air by an injector D/, of which the fuel admission 
valve Y^ is controlled by a thermostatic regulator. The 
air is admitted through openings in the casing at D*, and 
the fuel after passing through a heat vaporiser is forced 
through the injector nozzle D^ by a pump. The thermo- 
stat is fixed within the steam drum C, and consists of a 
closed tube ^ containing a suitable liquid, and com- 
municating by a pipe ^ with a diaphragm z^. The 
valve Y^ is operated by the movements of the diaphragm 
z^ against a coiled or spiral spring. 

Barbe's heater is shown by Fig. 69, and is designed 
for liquid hydrocarbon fuel with any kind of generator 
having a large heating surface. The liquid enters by 
the pipe e and is vaporised at the centre of the burner, 
and passes in regular quantities through the injector C, 
controlled by the valve v, to the spiral tubular burner/ 
which is perforated. A lamp or any suitable device is 
employed for igniting the jets. 

Internal Combustion Engines. — These may be 
defined as engines in which the liquid hydrocarbon is 
vaporised within the engine, the supply being regulated 
with a corresponding air supply, forming an explosive 
compound when ignited by an electrical high-tension 
spark or heated tube. Hydrocarbons of low-flashing 
points are preferable in point of economy, but there are 
legal restrictions as to storage and transport in respect 
of public safety generally which militate against their 
use. From the heavier petroleum products we get a 
wide range of hydrocarbons, as the following table will 
show, the normal paraffins being specified. 
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Definition. 


Symbol and 
Boiling Point. 

9 

• 


Nature. 


Methane - 
Ethane 
Prophane - 
Butane 
Penlane - 
Hexane - 
Heptane - 
Octane 
Dodecane - 
Hecdecane 


CH4 Gaseous 
CsHg ,, 

C4HI0 1" 

C5H12 38° 
QH14 70" 

QH,e 99" 
QHjg 124° 

^12^^26 202** 
^16^34 278° 

7* 


Gas. 
Gas. 

Gas. 
Solvent for resins. 

>» j> 

Illuminant and 
motive power. 

Motive power. 

Vaseline. 
Paraffin wax. 



Benzol, CgH^, is obtained either synthetically by heat- 
ing acetylene, CgHg, to nearly, a red heat, or by the de- 
structive distillation of coal. Its boiling point is 80.5**, 
and it is frequently used as a liquid fuel, either alone, or 
in combination with other hydrocarbons. 

The internal combustion oil engine, therefore, takes 
the liquid hydrocarbon, vaporises it by heat, mixes the 
air, compresses and ignites for an impulse to be given. 
There are many kinds of vaporising devices, which may 
be distinguished as — 

{a,) Hydrocarbon liquid injected into a reservoir 
chamber, and mixed with the proper air supply therein 
by a spray, before admission into the cylinder. 

{b.) Liquid injected into a small chamber with part 
of air supply, the rest of air entering the cylinder by 
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another valve. Therefore the contents of the vaporiser 
are inexplosive until after admission to the cylinder. 

(c) The same as (a), except that no air-spraying 
nozzle IS used. 

(d) The liquid is injected directly to the combustion 
chamber, and there vaporised, and air is drawn in by 
the piston through a separate valve, and mixed in 
compression. 

The Hornsby-Akroyd engine is constructed upon 
this principle, and although in practice this engine gives 
excellent results, the piston area is relatively large, pro- 
bably by reason of the imperfect admixture of gases. 

When considering the calorific values of liquid hydro- 
carbons used in this way, we must note that in the 
exhaust a volume of water is produced by the union of 
H and O, according to the weight of the percentage of 
hydrogen in the mij^ture. This amounts to a little over 
I lb. weight of water per pound of liquid hydrocarbon. 
The heat thus carried away must be deducted from the 
computation of the thermal value of the fuel. • 

There are many light motors of this type now in the 
market, but we can point out amongst them a few of 
the best adapted for the purposes of aerial navigation. 

The Daimler engine, shown in section by Fig. 70, is 
of the two-cylinder vertical type. The liquid hydrocarbon 
is forced into the float chamber F by pressure applied to 
the reservoirs containing it in bulk. When starting the 
motor the air is pumped into the reservoir, but after 
running for some little time, a part of the exhaust serves 
to keep up the necessary pressure. Either ignition tubes 
heated by a lamp or electric spark ignition may be used. 

On the down-stroke a slight vacuum is formed in the 
cylinder A. The valve E is held in place by a spiral 
spring, is operated automatically, and when open allows 
air to enter through the grating C and along the hori- 
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zontal pipe to E, and by thence to the cyHnder. At the 
same time the liquid hydrocarbon is sucked through the 
nozzle at H, and mingles with the air in the cylinder to 
form the charge. On the up-stroke the compressed mix- 
ture is ignited at C, and a fresh impulse imparted to the 
piston a^ and the exhaust released by the exhaust valve at 
E being actuated by a " hit-or-miss " striker worked by a 
cam J. The cylinders are water-jacketed at B. The con- 
necting rods ^, b' and crank c are shown in position. The 
Diesel engine is an improved device, since the charge of 
hydrocarbon is not introduced until the full charge of air 
has been compressed sufficiently in the cylinder, so as to 
be ignited directly the addition of the hydrocarbon com- 
pletes the mixture. A corresponding test of a 20 H.P. 
Daimler engine by M. Holbert and 20 H.P. Diesel engine 
by Professor Schorter shows the relative efficiencies. 

Daimler 20 H.P. engine — Diameter of piston, 8.5 in. ; 
stroke, 12 in.; speed, 200 ; brake horse-power, 16.9 ; in- 
dicated horse-power, 24.8 ; petrol, .053 lb. per I. H.P. 

Diesel 20 H.P. engine — Diameter of piston, 9.8 in. ; 
stroke, 15.7 in.; speed, 163 revs.; brake horse-power, 
18.84; indicated horse-power, 26.31; consumption of 
hydrocarbon per I.H.P., 0.40 lb. 

The Keelcom motor, with its special spray carburettor, 
is another excellent type of engine, having automatic 
action, and especially adapted for aerial navigation. The 
motor is shown in section by Fig. 71, and the carburettor 
by Fig. 72. 

Referring to Fig. 71, ^ is the cylinder attached to the 
neck of the crank chamber b by screws c. The crank 
chamber b is made in two parts, and held together by 
bolts. The piston is shown by ^, piston rod / and its 
fulcrum g^ and the crank pin h. The cranks and fly- 
wheel discs / are secured to the crank shaft j by nuts 
y^ and locking plate y^. On one end of the crank shaft 
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y the driving pulley / is fixed by a key and nut /«, the 
other end of the shaft carrying a pinion « gearing with 
a wheel o of the half-speed gear of the ignition device. 
To the wheel o is fixed a, cam p, operating the stems ^ 
and r of the exhaust valve. The combustion chamber s 
contains the inlet valve / and exhaust valve «, v being 
the spiral spring controlling the exhaust valve. The 
inlet port is shown by w, and x is the combustion port 
to the cylinder. On the outer end of the shaft carrying 



the half-speed gear wheel o is fixed a cam f which 
operates the contact breaker s forming part of the 
electrical ignition 2^. The carburettor is shown in 
section by Fig. 72. A float chamber a contains a flpat 
fi, through which passes the needle valve c, the latter 
being held ofi" its seat by the counterbalances </. The 
petrol inlet d^ is covered by the wire gauze strainer e, 
and /is the spraying nozzle,^ the atomising cone, /( the 
mixing chamber, i the hot-air inlet,/ the suction regu- 
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lating port, and k the connecting neck, / being a nozzle 
and cap for cleansing purposes. 

These engines are compact, and work well and 
economically at high rates of speed, but as yet no 
certified test has been made. The choice of a suitable 
motor depends upon lightness relatively to power, and 
the comparative weight of fuel to last a reasonable time. 

Electrical Motive Power. — There. are scores of 
light motors of high efficiency especially adapted to 
aerial propulsion, but the storage of electrical energy is 
up to the present time prohibitive on account of the 
great weight to be carried, and the absence of con- 
venience for re-charging except at certain places, unless 
accumulators of sufficient capacity for an out-and-home 
charge are provided. This may be obviated if a system 
of aerial navigation was once established, because every 
city or town of any importance would have a special 
charging station. It must be remembered as a set-off 
to the weight of the accumulators that no intermediate 
gearing is required between the electric motor and its 
work, since the propellers may be proportioned to the 
speed, and this again regulated within certain limits 
according to the design and winding of the motor. 

In calculating electrical power we take E to be the 
potential or electro-motive force, and C the current or 
flow in amperes, using simple phraseology. Then 

EXC = W 

where W means work or electrical energy in watts. 

Then 

w 
— - = E.H.P. (electrical horse-power). 

Assuming then that lo E.H.P. is required for five hours, 
say at an E.M.F. of 120 volts and 62 amperes. 

,^ 17 u D 1 20 EX 62c 7460 
. : i 746 746 
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Then as each accumulator cell is equal to 2 volts, 60 
cells of the lightest pattern are required, and these 
weigh, inclusive of the electrolyte (sulphuric acid diluted 
I to 11), 68 lbs. each, or 4,080 lbs. or 2 tons with 
accessories, and with 19 plates will give a discharge of 
300 ampere hours. Compare this with the steam or 
hydrocarbon engine, taking a mean of the former at 
0.9 lb. per horse-power per hour, and 0.8 lb. per horse- 
power per hour for the latter. When an efficient sub- 
stitute for lead of much less weight is found to produce 
the same storage effect by electrolysis, electricity will 
be found to be the form of energy best suited to air 
propulsion, but no advance in that direction has hitherto 
been successful. 

But in cases where several propelling shafts are to 
be driven by the prime motor or engine, and these have 
their axes arranged in several planes, no more efficient 
intermediate gear can be devised than a dynamo 
generator driven by the engine shaft, and operating 
motors to rotate each propeller independently. In this 
respect, light, compact, and efficient propelling mechanism 
may be made by the proper utilisation of electrical 
energy. 



CHAPTER VII. 

STRUCTURE OF AIR-SHIPS AND MATERIALS, 

When we review the march of scientific knowledge 
and practical development that renders the elements 
subservient to advancing civilisation, we cannot see a 
single instance in everyday life that has not been built 
up of failures. The fast express trains, ocean grey- 
hounds, telephony, telegraphic systems, and the thousand 
and one improvements that contribute to our daily wants, 
owe their origin not to one, but to many inventors. 
Some are in advance of the time for the actual demand, 
others fail, others concentrate all their mental energy 
on this failure, and master it, to fail in some other 
point. And so the wheel of time rolls on ; new brains 
with better auxiliary appliances come upon the scene, 
and at last man is the conqueror, and the result is then 
merely competitive as to details and efficiencies, the 
basis of success being attained. The inventors who, 
if they failed individually, contributed to the grand 
attainment collectively, their names are recorded in 
sand. We have reached a stage now in aerial naviga- 
tion in which engineering skill and forethought can 
suggest the best structure for lightness and strength, and 
more especially the materials best suited to the purpose. 
Models. — Working models are delusive unless they 
are made for a practical purpose in a practical manner. 
Of what use would a model of an automobile omnibus 
car be if made exactly to scale and about the size of an 
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automotor tricycle. The true demonstration would 
be to build the tricycle as a tricycle, and suitably equip 
it as such. Suppose a model was made of a large ocean 
liner 600 ft. long upon a scale of \ in. to the foot, say 
j\th full size, and to demonstrate by that model what 
could be done upon a larger scale. Here the model 
would be 12.6 ft. in length, 1.9 ft. midship beam, with 
a depth of 2 ft. Here the low-pressure cylinder of one 
of the twin screw engines would be 2.75 in. in diameter, 
and the high-pressure cylinder 0.87 in., and the boilers 
and fuel spaces equally useless, although strictly to scale. 
Would it not be better to consider the model as a launch, 
engine it as such, and demonstrate it as a successful 
launch, but not as a sample of what an ocean liner forty- 
eight times its size should be. As a matter of fact, the 
ocean liner is far more efficient than a small launch 
could be. 

The waste and leakage incidental to machinery and 
friction do not increase proportionately to the size and 
power. Therefore, if an air-ship be made to carry two 
persons, it should be clearly understood that the calibre 
and structure are suited to such a load, but a ship to 
carry one hundred persons would be a specially con- 
structed apparatus, not following the lines of the first 
with proportionate dimensions. Let the demonstration 
be regarding the model, if so considered, that two persons 
can be carried by vertical and horizontal propulsion 
through the air at a certain speed, and it is fair to 
suppose that a more efficient apparatus may carry one 
hundred persons, the whole structure being designed 
with that object alone. 

An automobile car may be correctly defined as a 
substitute for animal power for drawing loads and 
passengers. It is, however, obvious to the merest tyro 
that to adapt the mechanical power derived from the 
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motor to a set of artificial legs is not to efficiently carry 
out the required object. Therefore our substitute takes 
the form of wheels mechanically driven from the axis. 
A continuous rolling motion is sustained by the motive 
power, resulting in progression upon the surface of the 
ground against the resistances of a load and of traction, 
in contradistinction to the pedaneous movement of 
animals. No analogy can be instituted between these 
mechanical functions, except in that the same duties 
are fulfilled in both cases. Again, the propulsion of a 




Fig, 73. 

ship is in no way analogous to the invisible darting 
movements of the bonito or the dolphin. We do not 
intend to assert that wings are not suitable to the 
mechanical movements derived from motors, but that 
such a mode of artificial flight must, to be effective, be 
supplemented by the screw propeller. Some engineers 
have pronounced against the possible use of wings upon 
the grounds that the strains and stresses set up by un- 
balanced forces in the application of sufficient power 
to effectively act upon the comparatively large surface 
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would prove immediately destructive to the apparatus. 
A reference to Fig. 73 shows that the forces need not 
be unbalanced if the vertical motion is produced -and 
sustained by the wings, partly flapping, and partly as 
an aeroplane, the horizontal progression depending upon 
a propeller or propellers. 

Let Wy w^ be the wings, jointed at the fulcrums x, x^^ 
and/ a pinion driven directly by the motor, and gearing 
with two spur wheels S, S^ of equal diameter, r, c^ is a pair 
of opposite cranks on S, and d^d^ ^ similar pair on s\ the 
latter effecting the downward stroke, and that of S the 
corresponding upward stroke. The wings are linked to 
the connecting rods r, r^, r^, t^ by means of plate links /, /\ 
and the surfaces are plain or may be valvular, opening 
upon the up-stroke and closing upon the down-stroke. 
As a lifting and soaring mechanism this has a greater 
efficiency per square foot per H.P. than a rotating 
propeller or set of propellers, yet for horizontal pro- 
pulsion the latter is without doubt the best mode of 
utilising power. 

Adverting to the subject of sensitive equilibrium, it is 
obvious that a large air-ship is less sensitive than one of 
smaller calibre, in the same degree as an eight-oared 
outrigger is to a yacht. The control is not necessarily 
anticipatory, it becomes a method of steering, and can 
be automatically effected by a suitable gyrostat Also 
while an aerostat forms part of an air-ship, the equilibrium 
is more easily maintained. 

The aerostat, without departing from the range of 
foresight incidental to common-sense, will not eventually 
form any part of the structure of the practical air-ship. 
The want of confidence in entrusting life and property to 
suspension in an unstable element by reliance upon the 
fallibility of mechanism will keep the aerostat for some 
time until security is assured, and the contempt born of 
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familiarity prevails. It will not disappear at first, but 
will be used to render the comparatively heavy structure 
more buoyant, and so will die away by degrees, unless 
used for towage, and the flotation of loads. 

The steering of an air-ship is an important feature 
bearing upon its general structure. The steering has 
not only to be operated from side to side, but also up- 
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wards or downwards. The only effective rudder is 
shown by Fig. 74 in plan and cross section, x being a 
gimbal fulcrum, and the dotted outlines the directions of 
motion. 

The area of each plane should be one-third that of the 
total area of the ship. The steering may be better con- 
trolled by small electro-motors operating worms or endless 
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screws and toothed quadrants, the current being derived 
from a small dynamo-generator driven from the shaft 
of one of the propelling motors. A pair of two-way 
switches may thus constitute the steering board, upon 
which will also be fixed the aneroid barometer, mag- 
netic shielded compass, thermometer, hygrometer, and 
clinometer. 

Sir Hiram Maxim has adopted such a pair of rudders 
to one of his recent aeroplanes. Fig. 75, which it may not 
be out of place to describe fully in connection with the 
tail vanes or rudders B. The frame is built up of two 
main side trusses a, a^, a^, a^, a*, and the framework is also 



Fig 75 

provided with tubular struts, braces, and guys, and a^ 
and a^ are extended above a* so as to allow of the 
suspension of pivoted auxiliary wings or vanes, as at a^. 
Longitudinal stays or wires support the main aero- 
plane D. Tail vanes or rudders u are pivoted at each 
end of a*, and tied together by crossed wires d, and 
are operated from the platform by cords and winch, 
or a piston and cylinder. Means are provided for the 
adjustment of the inclination of the aeroplane. Two 
screw propellers of light and elastic formation, e, are 
driven by twin engines operated by pressure derived 
from a steam generator ^ of peculiar construction. The 
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medium is the vapour of gasoline or other easily volatil- 
ised fluid, which may be condensed after exhaustion by 
the exposure of the surface of the tubular framework to 
the atmosphere, from which it is returned to the generator 
by the feed pumps. The platform or car is supported 
by wheels when upon the ground to facilitate the ascent 
and descent. 

Having thus considered as far as possible the general 
details, we may deal with the structure of any air-ship, 
taking the suitable materials and application of them in 
due order. 

Framework. — We see, since the adoption by the 
public of cycles and autocars to such an extent as to 
create a separate branch of manufacture, that tubular 
frames have reached the highest point of efficiency, 
which is the attainment of the maximum of strength 
with the minimum of weight. 

The " modulus of rupture" is eighteen times the load 
that is required to break a bar i in. square cross section, 
supported at points i ft. apart and loaded in the centre, 
and the following table gives the values in tons per 
square inch, according to Rankine and Clark's tests : — 



Material Modulus Tons 

per Square Inch. 

Steel tube 20 to 28 

Wrought-iron bar 20 to 21 

Riveted tubes, plate iron 13 to 15 

Plate beams 18 to 20 

Cast-iron bar 13 to 15 

Cast-iron tube 1 1 to 12 

Wood — Red pine 3 to 4 

Spruce fir 4 to 5 

Larch 2 to 4 

Saul 7 to 10 

Teak - 6 to 9 
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And the corresponding weights of drawn steel tube, 
suitable for framework, are here tabulated according to 
pounds per lineal foot per gauge ; — 
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In polygonal framing, in order to determine the 
character of any strain, we will suppose AB and AC (Fig. 
y6) to be any two bars of a frame. Produce the lines AB, 
AC, to D and E. Let a represent the direction of the load if 
it passes in any direction between B and C, or d if it passes 
in any direction between D and E, c if between E and c, 
or d if between B and D. Then a will be in compression 
on AB and on AC, and b will be in tension on AB and AC, c 
will be in tension on AB and in compression on AC, while 
d is in compression on AB and in tension on AC. The re- 
sultant strains may then be computed in numerical value 
by constructing a parallelogram of forces, as Fig. ^6a, 

Let AB and BD be two forces, strains, or loads, be 
measured off to any scale according to the known value. 
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and the direction in which they tend. Join DC and AC 
parallel to AB, BD. The diagonal BC then represents the 
resultant, in direction and value when scaled off corre- 
sponding with AB, BD. 

Castings. — For lightness and strength all joints for 
framework should be made of one of the aluminium 
alloys of either of the following grades :* — 



Composition per cent 


Strength, 
Tensile, per sq. in. 


Elongation 
per cent. 


Aluminium. 


Copper. 


Zinc. 


5.8 


67.4 


26.8 


95-712 


I 


3.3 


63.3 


33-3 


85.867 


7.6 


30 


67.0 


30.0 


67.341 


12.5 


1-5 


77.5 


21.0 


32.356 


41.7 


1.5 


71.0 


27.5 


41.952 


27.0 


1.25 


70.0 


28.0 


35.059 


25.0 


2.5 


70.0 


27.5 


40.982 


28.0 


I.O 


57.0 


42.0 


68.218 


2.0 


1. 15 


55.8 


48.0 


69.520 


4.0 



* A binary aluminium alloy containing 7.5 per cent, of tungsten 
has recently been put on the market, gives a tensile strength of 
15 tons per square inch, the specific gravity being 5.58. A tern- 
ary alloy, Wolfra7ninium^ contains 98 per cent, aluminium, i per 
cent, tungsten, and i per cent, copper ; specific gravity 2.74, 
tensile strength wrought 15 Ions per square inch, cast in chills 
12 tons, rolled or drawn 22 tons. Romanium contains i percent, 
tungsten, i per cent, nickel, and the specific gravity is 2.75. It is 
harder and possesses greater elasticity than the former alloys, and 
takes tooling better than H^roult aluminium. 

Magnalium, — This is an aluminium-magnesium-antimony alloy, 
tensile strength 14 tons per square inch, specific gravity 2.52 + 0.03. 
It may readily be integrally joined by soldering or semifusion, 
analogous to welding, and is in great demand in Germany in auto- 
mobile car frames. 
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The first composition shows the best result, and 
its weight per cubic inch is 0.2873 lb. In casting it 
flows well, and gives a sharp clean casting, and is 
best made by adding the aluminium to the copper 
after the zinc has thoroughly melted and combined 
with it. 

Aluminium solders may be made by melting 20 parts 
of aluminium and adding 80 parts of zinc, and when 
both are mingled add some Russian tallow, stir with an 
iron rod before casting into sticks. The flux is 3 parts 
copaiba balsam, i part Venice turpentine, and half a 
teaspoonful of lemon juice. 

For blow-pipe soldering the following is the best 
composition : — 

Aluminium - - - - 20 parts 

Copper - - - - - 10 „ 

Tin - - - - * - 60 „ 

Silver - - - - - 10 „ 

Zinc 30 » 

Bearings. — The most important bearings are the 
thrust bearings of the propeller shaft. These should be 
made so as to run in an oil bath, and have thin radiator 
plates cast around it to dissipate the heat generated 
by friction. If the thrust be upwards, as in vertical 
propulsion, the outer shell of the jacketed casting 
should be cast with lugs on it to which may be attached 
the carrying stays, strong spiral springs being interposed 
to prevent excessive vibration, and to neutralise shocks. 
A guard plate with a collar on the shaft should be added 
above the thrust bearing, with separate stays to prevent 
accidents if the thrust should give way. The pressure 
on the thrust bearings may be estimated at 60 lbs. per 
square inch. 
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The external diameter of the collars should be as 
D-f D 0.23, and the number of collars proportioned 
directly to the load W in pounds, A being the total 
bearing contact area of the collars. 

A = ^- and — = area of 
00 n 

one collar, n being the number. 

The ordinary high-speed engine bearings have a 
pressure of 200 lbs. per square inch, and the length 
should be D4.3 to d6 for shafts from 2 to ij in. 
diameter, and D 3 as a standard from 3 in. diameter 
upwards. 

Shafting. — The diameter of mild steel shafting in 
inches is calculated from 

D = s ^^ where V = 
^ V 

revolutions per minqte. This formula shows that the 
greater the velocity, the less torsional strain is imposed, 
and hollow shafts resist torsion better than solid ones of 
the same area. The weight w in pounds per lineal foot is 

w = D^ X 2.647 

and for hollow shafts the lesser diameter is deducted — 

«; = D^ X 2.647 — rf2 X 2.647. 

The distance between bearings where no work is 
taken off the shaft, b being in feet — 

^=5 Vi^Md in inches). 

Wire Stays. — Wire rope and single strand stays 
are best made of Delta metal. No. i alloy, since by the 
following comparison the tenacity is good according to 

H 
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test, and since a smaller diameter may be used to resist 
a greater strain than is the case with iron or steel wire, 
with the further advantage of being non-corrosive under 
atmospheric changes, it may be used for aeroplane, wing, 
and rudder rigging. 

A comparative table gives the tenacity in tons per 
square inch : — 

w^.^i Tenacity in Tons 

^^^^^' per Square Inch. 

Delta metal, No. i - 48 

Delta metal, No. 2 - - 41 

Manganese steel - - - - - 38 

Nickel steel - - • - - 34 

Aluminium, I per cent, bronze - "35 



The weight of Delta metal is 0.3236 lb. per cubic 
inch, therefore the weight is 

D^ X 9.24 X 0.3236 = w it) pounds. 

Wood. — In the construction of air-ships a certain 
quantity and quality of wood must be used, and there 
are various kinds suitable for special purposes, among 
which we may instance : — 

As Ay for elasticity, but not good for weather alterna- 
tions. American varieties are best. 

Beech, — The white variety admits of thin division. 

Wych Elm, — Especially suitable for steam bending. 

Rock Elm (^American), — Closer grain, and better to 
work. 

Oak, — Durable in exposure to weather ; light, hard 
grain, but works well. On account of the tannin con- 
tained, it must not be used in contact with iron. 

Plane {Sycamore), — Works well, very durable. 
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Willow. — Suitable for friction pieces — brake blocks, 
sheaves, &c. ; the weight per cubic foot being given in 
order to facilitate calculation. 



Wood. 



Ash 



Beech - 
Wych elm - 
Rock elm - 
Oak - 
Plane - 
Willow 



Specific 
Gravity. 


Pounds per 
Cubic Foot. 


800 


50 


690 


43-12 


570 


35.62 


671 


41.93 


872 


54.5 


623 


38.93 


486 


30.37 



Aeroplanes and Aerocurves. — When these are made 
of fabric, yacht duck may be employed if a broad mesh 
about 8 in. pitch of No. 18 S.W.G. Delta metal wire is 
used on the back surface against the pressure. The ends 
of the mesh should be twisted and soldered around the 
bolt ropes or wires forming the hemmed edges. The 
weight of a square foot of undressed duck canvas is 
.05 1 2 lb., and fine sail canvas is .0678 lb. per square foot ; 
pegamoid, .1032 lb. per square foot; sylamoid (deterio- 
rates rapidly when subjected to heat), .0785 lb. per square 
foot. For gas envelopes undressed Tussore silk weighs 
.0175 lb. per square foot, dressed .048 lb. Urtalaine, a 
fabric made of Rhea fibre, similar to silk, but weight for 
weight of less tenacity, .03986 lb. per square foot dressed. 
Calico, dressed, .0598 lb. per square foot. 

If sheet metal, such as aluminium, be used, the 
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following table gives the weight per square foot in 
pounds, relatively to the gauge : — 



B.W.G. 


Thickness, 
Inches. 


Pounds per 
Square Foot 


B.W.G. 


Thickness, 
Inches. 


Pounds per 
Square Foot. 


28 
27 
26 

25 
24 

23 - 


.015 
.018 
.020 
.021 
.025 
.028 


.20 
.24 
.27 
.28 

.33 

•34 


22 

20 
18 
16 

14 
12 


.029 

.035 
.048 

.080 
.109 


.39 

.47 

.68 

.83 
1.07 

1.49 



From the data given as to suitable materials, strength 
and weight, with a reasonable design in view which 
may be practically applied, an air-ship may be con- 
structed, always bearing in mind that the dimensions 
requisite in order to successfully carry i ton are not to 
be considered as a unit that has hut to be doubled in 
every particular in order to carry 2 tons, and the same 
reservation equally applies to velocities. And hitherto 
we have presumed a still atmosphere, but the structure 
should be designed and proportioned to withstand the 
strains and stresses imposed by a gale of wind, plus the 
contained power to sustain a reasonable speed under the 
circumstances. 

This points at once to the greater efficiency to be 
attained by air-ships of greater calibre, relatively to the 
best work of the one or two passenger air-yachts. 



CHAPTER Viii. 

AIRSHIPS. 

In this chapter we propose to treat of air-ships as 
combinations of aerostat, aeroplane, and propelling 
apparatus, dealing with al! the best experimental types 
categorically without reference to the merits -of each. 

It is, however, worthy of remark, that Mr J. M. 
Partridge in 1847 invented and made an air-ship which 



he termed " Pneumadrome," and made several successful 
flights, the steering, however, being imperfect. Many 
valuable points of his invention have lain dormant for 
fifty-five years, to be resuscitated as chief and prominent 
features in our latest practical development of aerial 
navigation. Partridge, however, had neither oil engines, 
aluminium, nor pure hydrogen available in his day. This 
air-ship is shown by Fig. JJ. 
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The aerostat A is formed upon a light frame consist- 
ing of rings, held together by longitudinal bars r, and 
trussed to equalise the strain. The fabric was drill 
canvas, treated with caoutchouc in solution, and weighed 
I lb. per square yard. An internal air-bag or envelope B 
was controlled by a valve and pump e in connection with 
the generator f. A head sail i and stern sails h, h had 
braces and halliards for steering. The car C contains the 
motors, and the apparatus was driven by three propellers 
g, of which only two are visible. The body of the 
aerostat was covered by a light wire netting, in addition 
to that carrying the car, and the sails A, li acted as aero- 
planes as well as for steering purposes. The air-chamber 
B fully compensated the variations of gas volume and 
pressure in A, and this, with other parts of the structure, 
have been utilised in later machines. 

Folacci and Bertius' air-ship is shown by Fig. 78, in 
which the aerostat a is provided with a deep under-hung 
keel d in which horizontal propelling screws e revolve in 
casings. A rudder ni has a cased propeller A, and a tail 
rudder i has another cased fan A, and both rudders may 
be moved laterally to effect horizontal steering. The 
mechanism is driven by a motor in the car g. 

Fig 79 illustrates Falconnet's air-ship, in which two 
hollow cones A, A abut against an intervening cylinder B, 
the whole constructed on one frame of steel tubing, 
strengthened and stayed by double braced trussing c\ d, 
ties g^ and stanchions e. The shell of the aerostat is 
made of very thin metal, or fabric rendered impervious 
to gas and water, and is divided by partitions into sub- 
sections Uy having manholes, gas supply, and exhaust 
pipes with stopcocks arranged for filling or exhausting 
any of the chambers independently. The double truss- 
ing d forms the roof of, and supports the engine-room 
and cabin k^ which is partly within and partly extends 



^ 
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below the structure of the air-ship. A chimney s is pro- 
vided to carry off the products of combustion and foul 
air from a vertical uptake /, The cabin is formed with 
sharp ends to reduce resistance, and also has suitable 
doors and windows. Horizontal longitudinal shafts 
carry propellers n, with an after propeller m which may 
be moved by universal joints in any direction for steer- 
ing, and effecting horizontal or vertical deviations in the 
direction of flight, the brackets / being properly con- 
structed for this purpose, the dotted outline & showing 
such deviation. 
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The Hilfreich air-ship (Fig. So) is shown in plan, and 
the aerostat a is elliptical in shape, and supports two 
cars I), y connected by a transverse gangway (not shown). 
It is propelled by two feathering paddles e,e' which afford 
the horizontal propulsion, and two screw propellers j, s' 
effect the vertical movement. Steering is performed by 
a movable vane or fin /, and the mechanism is driven 
by an internal combustion engine. 

Molesworth- Hep worth's air-ship is shown by Fig. 8l, 
in which the aerostat A, having pointed ends B, is divided 
into compartments by divisions C in which are separate 
gas-bags D, with independent inflating and deflating 
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appliances. A longitudinal bar E supports an aero- 
plane H, itself being supported by rigging c from the 
aerostat A. The car I is supported by and below the 
bar E, and forms the centre of buoyancy of the air-ship, 
the supporting bars K being rigid, except for horizontal 
angular deviation by means of the ropes M, by means of 
a quadrant or bell crank lever N or a windlass. One or 
more propellers o are driven by the motor through 



Fig- Si. 

gearing R, these propellers having stiff leading edges and 
elastic or flexible rear ones. The buoyancy of the aero- 
stat A is controlled by varying the pressure of air in the 
intervening spaces between the gas-bags D by means of 
a pump U, and flexible pipe S, with a suitable liberating 
valve. A rudder is shown in dotted outline. 

De Bausset's air-ship is shown with the aerostat in 
section by Fig. 82. The aerostat A is built up of steel or 
thin metal plates, with internal bands and cross ties to 
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strengthen the structure. Conical ends O are provided 
which are normally held in position by the external 
atmospheric pressure, since the inside of A is partially 
exhausted, spiral springs in tension tending to open 



Fig. 82. 

o if the internal pressure increases. Central sustaining 
planes or steadying plates c are fixed centrally within 
the aerostat A. The boat-shaped car u is adapted for 
floating upon the water, or for land transport upon the 
wheels, and is suspended by means of jointed rods D, 



Fig. 83 

and a rope E upon a windlass allows of its being adjusted 
forwards and backwards. Boxed or cased propellers I 
provide the necessary propelling force, and these are 
independently driven by the current derived from 
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accumulators in the car i). The altitude is varied by 
admitting air to or exhausting the interior of the aero- 
stat A, a suitable electrically driven pump performing 
this operation. 

Fig. 83 represents Worm's air-ship. The aerostat A 
is nearly buoyant enough to support the whole mass, 
and has attached to each side inclined aeroplanes, the 
edge C of which only is visible upon the elevation. A 
curved rod D extends from one end to the other of the 



machine, which carries a balance weight E, H is a tail- 
piece or rudder, capable of being moved upon a vertical 
axis. Propulsion is effected by means of feathering 
wings F, to which motion is imparted by an interna! 
combustion or other motor d'. By adjusting the balance 
weight E upon the rod D, the aeroplane c and the whole 
machine may be made to assume an inclined position, so 
that the combined action of the wings f and aeroplane c 
tend to raise the air-ship and propel it forwards. The 
car B is of wedge shape in plan, and carries the generator. 
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storage tank, or the like, G, and the motor d' with the 
fulcrums of the wings F. 

Boisset's air-ship is illustrated by Fig. 84, and consists 
of an aerostat, the frame of which is formed of a number 
of light metal or bamboo rings with radial struts 
threaded upon an axial tube c. Transverse stays ff tie 
the ends of c to the upper periphery of the centra! ring 
of the frame, and the whole is covered by a double layer 
of silk cemented together by indiarubber solution. The 
car r is suspended from a plate D secured to a band c 
round the largest circumference of the aerostat and 



Fig. 85 

steadied by ropes 0. The actual suspension is effected 
by link work /, y, which tends to keep the car in position 
when the weights therein are shifted. Propulsion is 
effected by a single screw propeller in front of the car, 
and twin propellers at the rear end, the steering being 
performed by the manipulation of the latter. 

An air-ship with twin aerostats has been invented by 
L. E. Roze, and shown by Fig. 85, which is a plan view. 
The two aerostats A, A' support the car B, and are so con- 
nected that ttie internal pressure is equal in both, and a 
collapsible reservoir is provided in order that the gas 
may expand without loss. Propulsion is effected by two 
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horizontal propellers E, and vertically by three similar 
propellers the axes of which are at right angles to the 
horizontal plane. The air-ship is steered by a tail-piece 
or rudder F. The framing of the car B is provided with 
buffers or check springs to neutralise shocks when 
coming to rest. 

Fig. 86 is an end sectional view of Chillingworth's 
air-ship, which consists of an aerostat D supporting a 
car v^ and propelled by feathering wings B, formed of an 
elastic framework covered by textile material, the dotted 
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outline showing the position assumed when at rest. The 
inner ends of the wing arms carry toothed segments 
which gear with each other, shown by g^ //, which are 
worked by a reciprocating motor, the feathering being 
actuated by stop links. A rudder attached to the car C 
admits of steering in any direction. The aerostat is 
divided into three or more internal chambers, the inner 
of which may be inflated or deflated with air to com- 
pensate the variation of the volume of gas in the outer 
envelopes. 
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Middleton's air-ship, an elevation of which is shown 
by Fig. 87, also consists of two parallel aerostats b, b' 
similar to that of Roze, previously described. The 
aerostats b, b' are drawn together by a bent longitudinal 
frame i to which is attached a curved shield plate, which 
effectually screens the aerostats from the heat radiating 
from the motors and generator g. Internal bags or 
envelopes, shown by the dotted lines r, d within the 
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aerostats b, b', are provided to act as partial condenser for 
the exhaust from the motor, the heat thus dissipated 
expanding the volume of the surrounding gas. Propul- 
sion and steering are effected by a propeller w and an 
auxiliary propeller r, the rotation being performed by 
the motor and the variation of the planes by hand in 
both cases. 

Fig. 88 is an elevation of Pennington's air-ship, which 
consists of an aerostat A of sheet aluminium carrying at 
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its bow a propeller F driven by a motor M placed within 
a recess in the aerostat, accessible from outside. Central 
aeroplanes E are attached to each side of the aerostat A, 



and lifting propellers e are fixed to revolve within suit- 
able frames in these aeroplanes. A fin or central vertical 
plane C is attached to the top of the aerostat. The car 
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D is divided into two compartments, one above the other, 
the upper one being for passengers and auxiliary appli- 
ances, and the lower D^ for electrical accumulators which 
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supply the current to electro-motors driving the lifting 
fans E and the vertical and horizontal rudders G, H, also 
the ignition for the explosion in the cylinders of the 
vapour engine M. The liquid hydrocarbon is stored 
under pressure, and the framework and all parts are 
hollow, and filled with gas. Stays C' maintain the rigid 
position of the car D. 



Fig. 90. 

Ijxhner's air-ship is illustrated by Fig, 89, and has an 
aerostat a, with a central aiiroplane bb surrounding it, 
and a curved adjustable aeroplane e below it, this having 
a rigid weather edge / which is carried upward to the 
central aeroplane bb. The reaction of the air currents 
escaping from the rear lower edge of e tends to an im- 
pulse forwards. The aerostat a may be circular in plan. 
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and the lower portion may, by collapsing into bb, act as 
a parachute. A narrow horizontal beam h carries the 
propeller g and its shaft and bearings, a small car con- 
taining the motor ;«, and steering gear for controlling 
the rudder r. 

Kite's air-ship, shown by Fig. 90, consists of an 
aerostat A, with metal end caps a, and has an internal 
air-bag, as shown by the dotted outline, which is inflated 



or deflated according to the pressure of gas in the 
aerostat. The gas envelope of the aerostat A is con- 
nected to a heated elastic vessel e' through a pipe d, 
and is kept in circulation by a fan e'. Cased propellers 
/arc attached to the machine by saddle frames /*, and 
to each is hinged a rudder g which is operated from the 
car by ropes and pulleys. Ballast chambers it.are sus- 
pendtjd from the car by cords or links ^. 

Fig. 91 illustrates Blumelhuber's air-ship, consisting 
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of an aerostat A, with a central horizontal tube B of 
metal, shown by dotted lines, through which a shaft 
passes, carrying two propellers G, M, driven by an electro- 
motor C which is supported by the thrust bearings of 




Fig, 9Z. 



the shaft B and a curved bracket y upon the car. The 
steering is effected by mounting the propeller M upon a 
universal joint, so that its plane of rotation may be in- 
clined. Electrical accumulators are provided in the lower 




Fig 93 

partition 2 of the car, to furnish the driving power for 
the motor C. 

Nahl's air-ship is shown in elevation by Fig. 92, and 
a midship section Fig. 93. The aerostat A is internally 
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AIR-SHTPS. 131 

divided by gas envelopes c, c', ^, <^, and the car c is fixed 
to the framework of the outer casing of the aerostat 
and is actually inside it, below the central surrounding 
aeroplane h. 

An electro-motor drives two propellers D, D, effecting 
horizontal propulsion, and a weight J supported by a 
rod K admits of the adjustment of the centre of buoy- 
ancy, and also for ballast. 

Professor Langley, of the Smithsonian Institute, 
U.S.A., has constructed an air-ship (Fig. 94) in which 



the upper part of the body a is an aerostat, and the 
lower part a' an open framework carrying the motors 
operating the horizontal twin propellers P, P', steering 
being effected by varying the rates of rotation of these 
independently of each other. Aeroplanes w, w' maintain 
by their angle of inclination the vertical lift, and are 
supported by and controlled from a mast m. 

Count von Zeppelin's air-ship is shown in elevation 
by Fig. 95 and midship section by Fig. 96. The aerostat 
comprises a framework of longitudinal tubes r inter- 
spaced by wire ropes s proceeding radially from central 
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hubs w, a vertical strut v being placed at intervals across 
the diameter of the aerostat throughout its length. It is 
divided into compartments containing gas-bags shown 



by the dotted lines. The aerostat is very long relatively 
to its diameter, and supports two boat-cars g, one only 
of which is shown. A gangway / runs the whole length 




Fig 9S 



of the machine from which any part may be reached by 
ladders f. Several aerostats may be joined together 
forming a flexible train propelled by the air-ship, and 
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carrying goods or passengers. The junctions are coupled 
by universal joints and the fabric of the aerostats joined 
by strips of similar fabric. 

Horizontal steering is effected by rudders ^, q\ and 
the inclination of the axis is adjusted by means of a 
weight b suspended from a wire rope along which it 
is made to travel by an endless rope f^ operated by a 
winch w' in each car^. The internal combustion engine 
in is contained in the car g^ and drives the propellers / 
for horizontal propulsion by suitable shafts and gearing 
within the framework and ladder/. 

Santos Dumont has successfully accomplished the 
steering of an aerostat, notably in open competition in 
which he was the winner of 15,000 francs by rounding 
the Eiffel Tower. Since this the inventor has made 
several successful steering flights. The air-ship consists 
of an aerostat inflated with hydrogen, and containing 
an air-bag for compensation, and a screw propeller, the 
axis of which is inclined, and a rudder of relatively 
large area is under the control of the aeronaut, who is 
placed in a small shielded car which also carries the 
motor engine, preferably an internal combustion liquid 
hydrocarbon type. M. Dumont has invented a very 
light and powerful twin or multi-cylinder engine for the 
purpose, each pair of cylinders being placed in tandem, 
operating one piston rod, the explosions having the 
effect of a double-acting single-cylinder engine. 

Dr Barton in the United States has just built an 
air-ship, the trial of which has not as yet been reported. 
The aerostat has three aeroplanes placed below the 
centre with an aggregate area of 1,944 sq. ft, which he 
claims to have a lifting power of 972 lbs. or i lb. to 2 
sq. ft., equivalent to an air velocity of 880 ft. per minute. 
There are eighteen propellers arranged at different 
angles. The aerostat has an internal compensator or 
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air vessel capable of being inflated or deflated. It is 
noteworthy that nearly every modern type of air-ship 
adopts this compensator, and it is invariably referred to 
as a special feature, although employed, as we have 
seen, by Partridge in his air-ship the " Pneumodrome " 
in 1849. Dr Barton renders his air-ship stable longi- 
tudinally by forward and rear water tanks, the water of 
which is kept in constant circulation through a double 
tubular system by an electrically driven pump. A valve 
is fitted in each section, these being controlled automati- 



cally by a heavy pendulum, one of the tanks being filled 
and the opposite one emptied inversely according to the 
tendency of the inclination. 

The "Aeraonic " air-ship is as yet the most successful 
experimental apparatus yet tried, and lengthy trials have 
been made of a 10 ft mode! in which the air-ship was held 
captive at a height of 100 ft. by a hawser, around which 
it was steered from the ground by two double pole link 
switches, the conductors being attached to the hawser 
and included in the circuits of the steering motor. The 
electrical current for this and the propelling motors was 
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generated by a dynamo upon the shaft of a 4^ H.P. petrol 
twin cylinder motor upon the platform of the ship, and 
vertical ascent was accomplished without extraneous aid. 
These successful trials led to the formation of a syndicate, 
and an air-ship 50 ft in length and .40 H.P. is now in 
process of building. Fig. 97 is an elevation of this air- 
ship, in which a platform s carries the whole of the 
mechanism, and when at rest is supported upon the 
ground by wheels 0, A lifting propeller B has a collar 
C upon the shaft normally held back by the tension of 
a spring to keep the rear edges of the blades in full 
pitch position by means of rods a. The shaft/ and 
electro-motor F which drives it are based upon a pivoted 
plate upon the platform s, the oil-bath thrust block e 
intervening between the motor F and the propeller B, 
the whole being inclined backwards or forwards by a 
screw /and hand wheel ^. The aeroplane A is inclined 
at the same time, being carried by a trunnion bearing 6 
on the shaft j\ Links d connect the aeroplane A with 
the platform s and carry the rear weight, being pivoted 
to A at c. The length of the links d is such as to bring 
the aeroplane A parallel with the platform s when moved 
rearward by ^. The horizontal propeller D is driven by 
an electro-motor E, and a thrust block e' is mounted 
upon the same bracket. Steering is effected by a four- 
vaned rudder k operated vertically by a toothed quadrant 
y, and horizontally by a similar quadrant, small electro- 
motors r, controlled by the aeronaut by means of switches, 
furnishing the requisite power. The current is derived 
from a dynamo electric generator / driven directly by 
a compound internal combustion hydrocarbon engine A, 
The liquid fuel is stored in a wedge-shaped tank G, the 
apex forming the beak of the platform. Two tanks 
containing water /, /', and connected by pipes and an 
electrically driven centrifugal pump m, are placed on 
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each side of the under part of the platform s, so that the 
two forward tanks are connected to the after tanks by 
the corresponding pipes, forming the "fore and rear" 
equilibrium system, and either the two right-hand tanks 
or the two left-hand tanks the "lateral" equilibrium 
system. Therefore since a current of fluid is maintained, 
a flux to the two forward tanks causes a dip forwards 
and vice versa, or a flux to the two right-hand tanks 
causes a lateral dip in that direction ; and this is auto- 
matically effected by two pivoted hollow beams slightly 
bellied in the centre and partially filled with mercury, 
and these being arranged at right angles to each other, 
are connected to the controlling valves of the two fluid • 

circulating systems. The sensitiveness of the mercury \ 

balance renders the equilibrium control nearly antici- * 

patory. * 

No human mind can foresee the air-ship of the future, 
except that aerial navigation will be a matter of every- 
day usage, and will give rise to a new industry throughout 
the world. Unless some future discovery renders the 
control of the force of gravitation possible by other than 
mechanical means, the germ of the air- ship is among the 
many that are described in these pages, doubtless with 
many modifications and additional details that may be 
found necessary to accomplish perfect success. 



APPENDIX. 



TRIGONOMETRICAL EQUIVALENTS. 



Cotangent . 




ftoutijuuus 



Fig. 98. 

The diagram shows the trigonometrical functions in 
terms of the angle to the radius, the value of which is 
given as = I. 



Cos 


= 


• • \/(i — sin 


2)= cosine. 


Cos 


= 


sin 
tan 


= cosine. 


Cos 


= 


... sin X cot 


= cosine. 


Tan 


= 


sin 

• • • "" ~ ~ 


= tangent. 



cos 
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Cot = . . . . — ; — = cotangent. 

sm 



• cos 

bin = . . . = sine. 

cot 



e tan . 

Sec = . . . —;— = secant. 

sin 



o • tan 

bin = . . . = sine. 

sec 
Radius = . . . tan x cot = radius. 

Sin = \/(i — cos2)= sine. 

Tan = . . — = tangent. 

cot ^ 

Cosec = . . — :— = cosecant. 

sin 



Sec = . . . = secant. 

cos 



Sin = . . = sine. 

cosec 



Cos = . . = cosine. 

sec 



Cot = = cotangent. 

cot ^ 



Versin = I — cos = versed sine. 
Coversin = i — sin = coversed sine. 



Form of Aerostat Ends, Plotting Templets (Fig. 

99)- — Let AC = D X 1.25, and AB = D. Then from 



centre C strike off AE, and upon EF mark off G, that 
GF = CB, and strike the semicircle radius Gr cutting AF 
at r. This forms an approximate parabolic outline. 




Fig. too 



To describe an ellipse for an end templet, set off the 
major axis EC, and mark it off in equal parts, which in 
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Fig. 99 are four. Let AD = the minor axis, and CB the 
half of this, which should be divided into an equal number 
of corresponding parts to EC. From the centre A draw 
lines cutting divisions on BC, and from the centre D draw 
lines cutting the divisions on EC. Where the lines inter- 
sect are the points cut by the semi-ellipse,. 



Correction Table of Altitudes and Latitude. 



Apparent 

Altitudes, 

Feet. 


Latitude. 
+ from 0" to 4S" ; - from 45* to 90'. 


0" 
90° 


10* 
80" 


20' 
70^^ 


30- 
60** 


40* 
50- 


45^ 

4 


i,ooo 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 


2.6 

5.3 

7.9 

10.6 

»3.2 
15.9 
18.5 
21.2 

23.8 
26.5 
29.1 
31.8 


25 
5.0 

7.5 
10.0 

12.4 

14.9 

17.4 
19.9 
22.4 
24.9 
27.4 
29.9 


2.0 

4.1 

6.1 

8.1 
10. 1 
12.2 
14.2 
16.2 

18.3 ' 
20.3 
22.3 
24.4 


1.3 
2.6 

4.0 

5.3 
6.6 

7.9 

9.3 
10.6 

II. 9 

13-2 

14.6 
15.9 


•5 

.9 

1.4 
1.8 

2.3 
2.8 

3-2 

3.7 
4.1 
4.6 

5.1 
5-5 



I 

u 

a 



u 
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Useful Constants and Logarithms. 

Number. Logarithms. 

IT 3-MI6 .4971 

7r2 9.8696 .9943 

x/ir 1.7724 .2486 

— - .7854 .8951 

4 

Centimetres in i in. 2.54 .4048 

Yards in i metre 1*0936 .0388 

Kilometres in i mile 1.6093 .2066 

Miles in I knot 1.1528 .0618 

Square mils per square millimetre - - 1550 3*1904 

Cubic centimetres in i cub. in. - - - 16.386 I'2I45 

Cubic centimetres in i pint - - - - 567.93 2.7543 

Cubic inches in i pint 34>659 • i«S398 

Pints in I litre 1.7608 '2457 

Grains in I gram I5*432 1. 1883 

Pounds avoirdupois in I kilogram - - 2.2046 '3433 

Pounds in I cub. ft. of water (39° Fahr.) - 62.425 I '7953 

Forces de cheval in i horse-power (33,000 

foot pounds) 1. 01 385 .0058 

Foot pounds in i B.T.U. - - - - 775.47 2.8895 

B.T.U. in I calorie 3.968 .5986 

Degrees Fahrenheit in 1° Cent. - - 1.8 .2553 

Feet per second in I mile per hour - 1.4666 .1664 

Metres per second in i kilometre per hour - 2.7777 '4437 

Pressure pounds per square inch of I ft. of 

water (39** Fahr.) ,.4333 1.6368 

Pressure pounds per square inch of I in. of 

mercury *4907 1.6368 

Value of ^at Greenwich in inch seconds - 386.29 2.5869 

Length of seconds pendulum at Greenwich, 

inches 39-139 1.5926 



142 



AERIAL NAVIGATION. 



Table of Prolate Spheroids. 



Semi-major axis = a. Semi-minor axis =^. Volume =i'jraH. 



Weight 
Raised, 

Lbs. 

(Avoir.) 

w. 


Cubic Feet 

of Gas 
(any shape), 


Linear 

Feet 

Radios, 

6=%/ h 

2.929 


Linear 

Feet 

Diameter, 


Square Feet 
Arca=ir3*. 


Linear Feet 
Length, 


Square Feet 

Surface 

Area, 

/=6a 008^2. 


"".0684 


I 


14.60 


.834 


1.669 


2.19 


10.013 


41.78 


lO 


146.0 


1.798 


3.595 


iai7 


21.573 


194.00 


lOO 


1460.0 


3.873 


7.746 


47.12 


46.478 


899.64 


150 


2192.0 


4.435 


8.870 


61.79 


53.220 


1180.30 


200 


2920.00 


4.879 


9.759 


74.81 


58.557 


1429.70 


250 


36550 


5-259 


10.518 


86.89 


63.109 


1659.60 


340 


5000.0 


5.838 


11.676 


107.08 


70.058 


2021.80 


440 


6000.0 


6.203 


12.407 


120.91 


74.446 


2317.60 


500 


7310.0 


6.626 


13.252 


137.93 


79.512 


2634.60 


547 


8000.0 


6.828 


13.656 


146.48 


81.939 


2784. 10 


650 


9000.0 


7.101 


14.203 


158.44 


85.220 


3026.70 


684 


10000.0 


7.355 


14.711 


169.97 


88.226 


3247.10 


750 


1 1000.0 


7.593 


15.186 


181. 12 


91. 116 


3459.60 


800 


I 1695.0 


7.749 


15.499 


188.67 


92.995 


3604.20 


850 


12000.0 


7.816 


15.632 


191.94 


93.796 


3665.80 


890 


13000.0 


8.027 


16.055 


202.46 


96.333 


3867.50 


960 


14000.0 


8.228 


16.457 


212.72 


98.739 


4063.60 


1,000 


14620.0 


8.348 


16.696 


218.95 


100.179 


4182.10 


1,100 


16000.0 


8.602 


17.204 


232.48 


103.228 


4440.30 


1,160 


17000.0 


8.778 


17.557 


242. 1 1 


105.334 


4624.80 


1,230 


18000.0 


8.947 


17.895 


251.57 


107.371 


4807.00 


1,350 


19000.0 


9. 1 10 


18.220 


260.74 


109.323 


4980.30 


1,368 


20000.0 


9.267 


18.554 


269.81 


III. 208 


'5153.40 



The following diagram (Fig. 101} illustrates the diri- 
gible aerostat of M. Santos Dumont. It will be noted 



that the structure is very light, and offers very little re- 
sistance to the air relatively to the power and buoyancy. 
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The aerostat A is pointed at each end, and an interior 
balloon or envelope B containing air is placed inside, and 
controlled from the motor p by a pipe T. This is the 
arrangement first adopted by Partridge in his " Pneuma- 
drome," which is previously described. A trailing rope l, 




with a guide M, is provided, in addition to a rudder G. 
The aeronaut sits in a light wicker basket chair O, from 
whence he may control the mechanism. The engine r 
develops 16 H.P., and is actuated by the explosion of 
vaporised petrol. The screw propeller H is made with 
flexible rear edges, and at 150 revolutions per minute 
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exerts a thrust of 60 lbs. The total weight of the appa- 
ratus is 550 lbs. 

Fig. 102 shows the machine progressing against the 
wind, and Fig. 103 illustrates the start from the. Pare 
d'Orient in the 15,000 franc competition, 13th July 1901, 




Fig. 104. 



which, after some discussion, was awarded to M. Santos 
Dumont. Fig. 104 shows the progression of the aero- 
stat against the wind. Fig. 105 (see Frontispiece) 
shows the aerostat rounding the Eiffel Tower during the 
competition. 
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BRIDQE CONSTRUCTION IN CAST AND WROUGHT 

IRON. A Complete and Practical Treatise on, including Iron Founda- 
tions. In Three Parts. — Theoretical, Practical, and Descriptive. By William 
HuMBBR A.M.Inst.C.£., and M.InstM.E. Third Eklition, revised and mudh 
improved, with 1x5 Double Plates (20 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bonnd in 
morocco £6 16s. 6d. 

'* In addition to elevations, plans, and sections, lai^^e scale details are given, which very 
much enhance the instructive work of these illustrations." — Citdl Engineer and Ard%iUcfs 
youmal. 



BRIDGES AND VIADUCTS, IRON AND STEEL. A 

Practical Treatise upon theh: Construction. For the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 
cloth 3/6 



BRIDGES (IRON) OF MODERATE SPAN: Their Cons- 

struction and Erection. By H. W. Pbndred. With 40 illustrations. 
Crown 8vo, cloth 2/0 



BRIDGES, OBLIQUE. A Practical and Theoretical Essay. 
With 13 large Plates. By the late Gbokgb Watson Buck, M.Inst.C.£. 
Fourth Edition, revised by his Son, J. H. Watson Buck, M.Inst. C.E. ; 
and with the addition of Description to Diagrams for Facilitating the 
Construction of Oblique Bridges, oy W. H. Barlow, M.Inst. C.E. Royal 
8vo, cloth 1 2/0 

** As a guide to the engineer and architect, on a confessedly difficult subject. Mr. Buck's work 
is TaDsax^iasao±,"—ButidiHg Ntws. 



BRIDGES, TUBULAR AND OTHER IRON QIRDER. 

Describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. D. Dempsby, C.E. Crown 8vo, cloth . 2/0 



CALCULATOR (NUMBER, WEIGHT, AND FRACTIONAL). 

Containing upwards of 350,000 Separate Calculations, showing at a Glance the 
Value at 422 Different Rates, ranging from ri^th of a Penn^^ to 205. each, or per 
cwt., and £^o per ton, of any numl»er of articles consecutively, from z to 470. 
Any number of cwts., qrs., and lbs., from z cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from z to z,ooo tons. By William Chadwick, 
Public Accountant. Fourth Edition, Revised and Improved. 8vo, strongly 
bound IB/0 



CALCULATOR (WEIGHT). Being a Series of Tables upon a 

New and Comprehensive Plan, exhibiting at one Reference the exact Value 
of any Weight from z lb. to Z5 tons, at 300 Progressive Rates, from xd. to 
1685. p;r cwt., and containing z86,ooo Direct ^swers, which, vrith their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of zo, 266,000 Answers; the whole being 
calculated and designed to ensure correctness and promote despatch. By 
Henry Hakbbn, Accountant. Sixth Edition, carenilly Corrected. Ro]^ 
8vo, strongly half'botmd £1 5s. 
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CHAIN CABLE5 AND CHAIN5. Comprising Sizes and Curves 

of linki, Studs, etc, Iron for Cables sod Chains, Chain Cable and Chain 
Making, Formii^ and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Markin|; Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acu of Parliament, Statutory Tests. Charges for Testing, 
List of Manufacturers of Cables, etc., etc By Thomas W. Traiix, 
F.E.R.N., M.Inst.CE., Engineer-Surreyor-in'Chief, Board of Trade, Inspec- 
tor of Chain Cable and Antaior Proving Establishments, and General Super- 
intendent, Lloyd's C<munittee on Proving Establishments. With numerous 
Tables, Illnstratioas, and Lithographic Drawings. Folio, cloth £2 2s- 



CIVIL ENQINEERINO. By Henry Law, M.Inst.C.E. In- 
cluding a Treatise on Hydraulic Engineering by G. R. Burnbll, 
M.Inst.C.E. Seventh Edition, revised, with Large Additions on Recent 
Practice by D. Kinnear Clark, M.Inst.C.E. Crown 8vo, cloth 6/6 



CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Coostructioo, Underground Working, and other Uses. By F. A. C. Pbrrinb, 
A.M., D.Sc. ; formeriy Professor of Electrical Engineering, Leiand Stanford, 
Jr., University; M.Amer.I.£.E. Medium 8vo, 300 pp., fully illustrated, 
mduding Folding Plates and Diagrams ^et 20/0 



CONTINUOUS RAILWAY BRAKES. A Practical Treatise 

on the several Systems in Use in the United Kingdom, their Construction 
and Performance. By M. Rbtnolds. 8vo, clotb 9/0 



CRANES, the Construction of. and other Machinery for Raising 
Heavy Bodies for the Erection of Buildings, &c. By J. Glynn, F.R.S. 
Crown 8vo, cloth - ... 1 /6 

CURVES, TABLES OF TANGENTIAL ANGLES AND 

MULTIPLES. For Setting-out Curves from 5 to aoo Radius. By A. 
Bbazblxy, M.Inst.CE. 7th Edition, Revised. With an Ajmendix on 
the use of the Tables Ux Measuring up Curves; Printed on 50 Cards, and 
sold m a cloth box, waistcoat- pocket sise 8/6 

" Each table Is piinted on a small card, which, placed on the theodolite, leaves the hands free 
to manlpnlate the instrument— no small advantage as regards the rapidity of wotk."— Engineer. 



DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. DsMPSEY, C.E. Revised, with large Additions on Becent Practice 
in Drainage Engineering by D. Kinnear Clark, M.Inst.C.E. Fourth 
Edition. Crown 8to, cloth 4/^ 



DYNAMIC ELECTRICITY AND MAGNETISM, ELE- 
MENTS OP. A Handbook for Students and Electrical Engineers. By 
Philip Atkinson, A.M., Ph.D. Crown 8vo, cloth, 417 pp., with xao 
Illostrations 10/6 



DYNAMO BUILDING. HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. By Alfrbd Crofts. Crown 8vo, 
doth 2/0 
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DYNAMO ELECTRIC MACHINERY. By Samuel Sheldon, 

A.M., Ph.D., Professor of Physics and Electrical Engineering at the Poly- 
tedinic Institute of Brooklyn, etc., assisted by Hobart Mason, B.S., E.E. 

In two volumes {sold separatdy). 

Vol. I.— DIRECT CURRENT MACHINES. Sixth Edition, Revised, aoa 
Illustrations ^et 12/0 

Vol. II.— ALTERNATING CURRENT MACHINES. Fifth Edition. With 
184 Illustrations ^e^ 1 2/0 

DYNAMO MANAGEMENT. A Handybook of Theory 'and 

Practice for the Use of Mechanics, Engineers, Students, and others in Charge 
of Dynamos. By G. W. Ldmmis>Patkrson, Electr!cal Engineer. Third 
Edition, Revised. Crown 8vo, 360 pp., with xoo illust^'ations, doth . 4/6 

ELECTRICAL UNITS— MAGNBTIC PRINCIPLES— THEORY OP THE DYNAMO— ARM K- 

TURES— Armatures in Practice— Field Magnets— Field magnets in practice- 
regulation DYNAMOS — COUPLING DYNAMOS — RUNNING DYNAMOS — FAULTS IN 

DYNAMOS— Faults in Armatures— motors. 

** The book may be confidently recotamended."— Engineer. 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL BNOINBBRS. A Practical Book dealing with the 
subject of Direct, Alternating and Polyphase Currents.^ By William R. 
BowKBR, C.E., M.E., E.E. Medium 8vo, cloth. 109 Diagrams A>^ 6/0 

DYNAMO AND MOTOR CIRCUITS— STARTING AND STOPPING OF SAME- METHODS 
OF CHANGING DIRECTION OF ROTATION— SYNCHRONISM— PARALLELING OF ALTER- 
NATORS. ETC.— POLYPHASE CIRCUITS — POLYPHASE TRANSMISSION OF POWER— 
DIPHASE AND TRIPHASE CIRCUITS, ETC. —BOOSTERS — EQUALISERS -REVERSIBLE 
B FOSTERS— STORAGE BATTERIES— End-Cell SWITCHES ETC— ELECTRIC TRACTION 

motors — series — parallel controllers — car wiring diagrams — motor 
vehicle circuits — canal haulage rotary converters — switchboard 
Circuits, etc. 

DYNAMOS (ALTERNATING AND DIRECT CURRENT). 

A Text-book on their Construction for Students, Engineer-Constructors and 
Electricians-ia-Charge. By Tyson Sewell, A.M.I E.E., Lecturer and 
Demonstrator in Electrical Engineering at the Polytechnic, Regent Street, 
London, aathor of " The Elements of Electrical Engineering." 338 pp^ with 
over 330 Illustrations Large cro-im 8vo, cloth. [Just published. Net 7/6 

FUNDAMENTAL PRINCIPLES OF DIRECT CURRENTS— THE MAGNETIC FIELD— 
THE PRODUCTION OF AN ELECTRO-MOTIVE FORCE— FUNDAMENTAL PRINCIPLES OF 
ALTBRNATING CURRENTS— THE ALTERNATING MAGNETIC FIELD— THE CAPACITY OF 

THE Circuit— Bipolar Dynamo Construction— Theory of bipolar Machines- 
Bipolar Dynamo design — multipolar Dynamo construction — Multipolar 
Dynamo Design— Single phase Alternators— Construction of alternators- 
polyphase ALTERNATORS — Exciting, Compdunding and Synchronising of 
Alternators. 



EARTHWORK DIAGRAMS. These Diagrams or Scales have 

been designed with the intention of reducing the labour connected with the 
computation of earthwork quantities, and especially those of railways and 
roads. It has been found in the Authors practice that they are much quicker, 
and at the same time as accurate and much more complete than most of the 
tables heretofore published. By R. A. Erskine-Morray, A.M.Inst.C.E., 
and Y. D. Kirton, A.M.Can.Soc.CE. On a sheet in a roll, m«^ 5/0* or 
mounted on card [ Just published. Net 7/6 

EARTHWORK MANUAL. By Alex. J. Graham, C.E. With 

numerous Diagrams. Second Bdiuon. x8mo, cloth .... 2/6 
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EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet By Joseph Broadbbnt, C.E., and Francis Cam pin, C.E. 
Crown 8vo, cloth 5/O 

EARTHWORK TABLES, HANDY GENERAL. Giving the 

Contents in Cubic Yards of Centre and Slopes of Cuttings and Embankments 
from 3 inches to 80 feet in Depth or Height, for use with eithet 66 feet Chain 
or xoo faet Chain. By J. H. Watsom Buck, M.In!it.C.R. <^ a SHM»t 
oioiioted b doth cue 3/6 



ELECTRIC LIGHT. Its Production and Use. By J. W. 
Ukqohakt. Crown 8vo, cloth 7/6 

ELECTRIC LIGHT FITTING. A Handbook for Working 

Electrical Engineers. By J. W. Urquhart. Crown Bvo, cloth . . 5/0 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. A Prac- 

tical Handbook, including Particulars of the Cost of Plant, and Working. 
By J. H. Knight. Crown 8vo, wrapper I/O 



ELECTRIC LIGHTING. By Alan A. Campbell Swinton, 
M. Inst. C.E., M.I. E.E. Crown 8vo, cloth 1/6 



ELECTRIC LIGHTING AND HEATING POCKET BOOK. 

Comprising useful Formulae, Tables, Data, and Particulars of Apparatus and 
Appliances for the use of Central Stations Engineers, Contractors, and 
Engineers-in-Charge. By Sydney F. Walker, R.N , M.I.E.E., M.I.M.E., 
A.M.Inst.CE., Etc. P'^cap 8vo, 448 pp., 270 Diagrams, and 240 Tables. 

[Tust published. NetJ/Q 

Definitions— Different units emplq-vtsd— Laws of Electric Circuits- 
Differences BETWEEN Working of Continuoos and Alternating Currents- 
Laws OF electro Magnetic AND ELEcaRo - Static induction — electricity 
Generators— Accumulators— Switchboards— switches. Circuit-Breakers, etc. 
—Cables— Methods of Insulation— sizes and insulation of cables Made by 
LEADING Makers— Conduits— Leading Wires and other Accessories— Measur- 
ing Instruments of all Kinds and Apparatus for Testing Lamps and 
Accessories— Apparatus for heating by Electricity. 



ELECTRIC 5HIP-LIGHTING. A Handbook on the Practical 
Fitting and Running of Ships' Electrical Plant. By J. W. Urquhart. 
Crown 8vo, cloth 7/6 



ELECTRIC-WIRING, DIAGRAMS & SWITCH- BOARDS. 

By Newton Harrison, £.£., Instructor of Electrical Engineering in the 
Newark Technical School. Crown 8vo, cloth Nei 6/0 

The Beginning of Wiring— Calculating the Size of Wire— A Simple 
Electric Light Circuit Calculated— estimating the mains, feeders, and 
Branches— Using the Bridge for Testing— The Insulation resistance- 
Wiring for Motors— Wiring wfth Cleats, Moulding and conduit— Laying-out 
A Conduit system- Power required for Lamps— Lighting of a Room- 
Switchboards AND their purpose— switchboards DESIGNED FOR SHUNT AND 

Compound-Wound Dynamos— Panel switchboards, street Railway switch- 
BOARDS, Lightning Arresters— The Ground Detector— Locating Grounds- 
Alternating CURRENT CIRCUITS— The POWER FACTOR IN CIRCUITS— CALCULATION 

OF Sizes of Wire for Single, two and three-phase circuits. 
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ELECTRICAL AND MAQNETIC CALCULATIONS. For 

the Use of Electrical Engineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of Electricity and Magnetism. 
By A. A. Atkinson, M.S., Professor of Physics and Electricity In Ohio 
Univeraty, Athens, Ohio. Crown 8vo, cloth .... N^ 9/0 

ELECTRICAL DICTIONARY. A Popular Encyclopaedia of 

Words and Terms Used in the Practice of Electrical Engineering. By T. 
O'CoNOK Sloanf, A.M.. E.M., Ph.D., Author of "Arithmetic of Electricity," 
" Electricity Simplified," " Electric Toy Making," etc. Third Edition, with 
Appendix. 6go pages and nearly 400 Illustrations. Large Qrown 8vo, cloth 

I^^t 7/6 
" The work has many attractiTe features in it, and is. beyond doubt, a well put together an d 
aseftil publication. The amount of ground covered may be gathered from the fact that in the index 
about 5,000 references will be fouaiL^—BitctHecti XevUw. 

ELECTRICAL ENQINEERINQ. A First- Year's Course for 

Students. By Tyson Skwbll, A.I.E.E., Lecturer and Demonstrator in 
Electrical En^eering at the Polytechnic, Regent Street, London. Fourth 
Edition, Revised, with additions. Large Crown 8vo, cloth 462 pp., with 
378 Illustrations Net 5/O 

OHM'S Law— Units Employed in Electrical Engineering -Series and 
Parallel Circuits — current Density and potential Drop in the Circuit— 
The Heating Effect of the Electric Current— The Magnetic effect of an 
Electric current.— The Magnetisation of iron— electro-Chbmistry— Primary 
Batteries- Accumulators— Indicating instruments— Ammeters, Voltmeters 
Ohmmeters— Electricity Supply Meters— Measuring instruments, and the 
Measurement of Electrical Resistance — measurement of Potential Dif. 
FBRBNCE, Capacity, Current Strength, and Permeability— Arc Lamps— incan- 
descent Lamps — Manufacture and installation— photometry — The Con- 
tinuous Current Dynamo— Direct Current motors— alternating Currents 
—Transformers, Alternators, Synchronous Motors— Polyphase Working- 
Appendix I., The Three Wire System— Appendix II., Questions and Answers. 

" Distinctly one of the best books for those commencing the study of electrical engineering. 
Everything is explained in simple language which even a beginner cannot fail to understand."— 
The Bngituer. 

ELECTRICAL ENQINEERINQ (ELEMENTARY). In 

Theory and Practice. A Class Book for Junior and Senior Students and 
Working Electricians. By J. H. Alexander. With nearly 200 Illustrations. 
Crown 8vo, cloth Net 3/6 

FundamantalPrinciplbs— Electrical Currents— Solenoid Coils, Galvono- 
meters-volt-Meters— measuring instruments— alternating Currents- 
dynamo Electric machines— Continuous current Dynamos— Induction, static 
transformers, Converters— motors— Primary and Storage Cells— Arc Lamps 
—Incandescent lamps— switches, fuses, etc.— Conductors and Cables— Elec- 
trical energy meters— Specifications— Generation and Transmission of 
Electrical energy— Generating Stations. 

ELECTRICAL TRANSMISSION OP ENERGY. A Manual 

for the Design of Electrical Circuits. By Aethdr Vaughan Abbott, CE., 
Member American Institute of Electrical Engineers, Member American 
Institute of (Mining En^eers, Member American Society of Civil Engineers} 
Member American Society of Mechanical Engineers, etc. Fourth Edition, 
entirely Re-Written and Enlarged, with numerous Tables, x6 Plates, and 
nearly 400 other Illustrations. Royal 8vo, 700 pages. Strongly bound in 
cloth ... . , Net 30/0 

Introduction— The Properties of Wire— The Construction of Aerial 
Circuits— General line Work— electric Railway circuits— Protection— the 
Construction of Underground Circuits— Conduits— Cables and conduit Con- 
ductors—Special Railway Circuit— the interurban Transmission Line— The 
THIRD rail— The urban Conduit— Electrical instruments— Methods of elec- 
trical Measurement — Continuous-Current Conductors — the Heating of 
conductors— conductors for Alternating Currents— Series Distribution- 
Parallel Distribution— Miscellaneous Methods— polyphase transmission— 
The Cost of Production and Distribution. 

Note.— This Volume forms an indispensable Work for Electrical Engineers, Railway and 
Tramway Managers and Dirrectors, and au interested in Electric Traction. 
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BLBCTRICITY AS APPLIED TO MINING. By Arnold 

LurroN, M.Inst C.E., M.I.Mech.E.j M.I.E.E., late Professor of Coal 
Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.l.Mech.E., 
Associate o( the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, York^ire College, Victoria 
University: and Hbrbbrt Pbrkin, M.I.M.E., Certificated CoUiory Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. Second Edition, Revised and Enlarged. Medium 8vo, 
cloth, 300 pp., with about 170 Illustrations . . . - . JV^et 1 2/0 

INTRODUCTORY— Dynamic electricity— Driving of the Dynamo— The steam 
Turbine— Distribution of electrical energy— starting and stopping Elec- 
trical Gbnbrators and Motors— Electric cables— Central electrical plants 
-electricity applied to pumping and hauling— electricity applied to coal 
Cutting— Typical Electric Plants recently erected— Electric Lighting by 
Arc and Glow Lamps— miscellaneous Applications of Electricity— Electricity 
AS Compared with other Modes of transmitting Power— Dangers of Elec- 
tricity. 

** The book is a good attempt to meet a stowing^ want, and is well worthy of a place in the 
minini; engineer's library."— TA^ Electrician. 

ELECTRICITY. A STUDENT'S TEXT-BOOK. By H. 

M. NoAO, F.R.S. 6so pp., with 470 lUnstrations. Crown 8vo 9/0 

ELECTRICITY, POWER TRANSMITTED BY, AND 

APPLIBD BY THB ELBCTRIC MOIOR, including Electric Railway 
Construction. By Philip Atkinson, A.M., Ph.D., author of " Elements of 
Static Electricity." Fourth Edition, Enlarged, Crown 8vo, cloth, 224 pp., 
with over 90 illustrations Net 9/0 



ELECTRO- PL ATI NQ AND ELECTRO- REFINING OF 

MBTAL5. Beine a new edition of Alexander Watt's " Electro-Deposition." 
Revised and Largely Re-written by Arnold Philip, Assoc. R.S.M., B.Sc, 
A.I.E.E., F.I.C., Principal Assistant to the Admiralty Chemist, formerly 
Chief Chemist to the Engineering Departments of the India Office, and some- 
time Assistant Professor of Electrical Engineering and Applied Physics at the 
Heriot-Watt College, Edinburgh. 700 pp., with numerous Illustrations, 
Large Crown 8yo, doth Net 1 2/6 



ENQINE-DRIVINQ LIFE. Stirring Adventures and Incidents 
in the Lives of Locomotive Engine- Drivers. By Micmabl Rktnolds. 
Third Edition. Crown 8vo, cloth 1/6 



ENQINEERINQ DRAWING. A WORKMAN'S MANUAL. 

By John Maxtom, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown 8vo, 

cloth 3/6 

" A copy of it should be kept for reference in every drawii^ of^oa"— Engineering. 

BNaiNEBRINQ ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions. Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. Bv 
A General Manager. Second Edition. 8vo, cloth. .... 1 2/0 
"The information is given in a plain, straightforward manner, nnd bears throughout evidence 
of the intimate practical acquaintance of the author with every phase of commercial engineering" 

—Mechanical IVorld. 
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ENQINEERINQ PROGRESS (1863-6). By Wm. Humbsr, 

A.M.Inst.C.E. Complete in Fonr Vols. Containing 148 Doable Plates, 
with Portraits and- Copious Descriptive Letterpress. Impl. 4to, half* 
morocco. Price, complete, £1 2 1 28. ; or each Volume sold sepsirately at 
£3 Ss. per Volume. Descriptive List of Contents on application* 



BNQINBBR'S AND MILLWRIGHTS ASSISTANT. A 

Collection of Useful Tables, Rules, and Data. By William Tbmplbton, 
Eighth Edition, with Additions. z8mo, cloth 2/6 

" A deservedly popular work. It ihoold be la the ' diawar ' of everjr mechanic."— ^M^f/tjA 
Mechanic. 



BNQINBER'S HANDBOOK. A Practical Treatise on Modern 

Engines and B<Hlers, Marine, Locomotive, and Stationary. And containing 
a large collection of Rules and Practical Data relating to Recent Practice 
in Designing and Constructing all kinds of Engines^ Boilers, and other 
Engineering work. The whole constituting a comprehensive Key to the Board 
of Trade and other Examinations for Certi6cates of Competency in Modem 
Mechanical Engineerine. By Walter S. Huttom, Civil and Mechanical 
Engineer, Author of "The Works' Manager's Handbook for Engineers," ftc 
With upwards c^ 430 Illustrations. Sixth Edition, Revised and Enlanred. 
Medium 8vo, nearly 560 pp., strongly bound I0/O 

" A mass of informatloii set down in simple langnagfe. and in snch a ionn that it can be earihr 
referred to at any time. The matter Is uniformly good and well chosen, and Is greatly eluddated 
by the illustrations. The book will find its way on to most engineers' shehres, wliera it will nok as 
one of the most useful books of reference."— /VvscMctf/ Bnguutr. 

" Fun of useful informatloa. and should be found on the office shell of aD pfictical engineers." 
—English Mechanic. 



BNQINEER'S, MECH4NIC'S, ARCHITECT'S, 

BUILDER'S, ETC. TABLES AND MEMORANDA. Selected and 
Arranged by Francis Smith. Seventh Edition, Revised, including 
Elbctrical Tables, Formula, and Mbmoramda. Waistcoat-podcet siae, 
limp leather 1/6 



" The best ezamjile we have ever seen of 970 pages of usefiil matter pecked Into the dinien- 
sfons of a caxd-csaa." ^Building News. 



BNQINBBR'S YBARBOOK FOR 1907. Comprising 

FormnUe, Rtiles, Tables, Data and Memoranda in Gvil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb. M.lnst.CE., 
Principal Staff Engineer, Engineer-in>Chief 's Office, General Post Office. 
London, Author of "A Handbook of Electrical Testing," "The Electrical 
Engineer's Pocket-Book," ftc. With z,ooo Illustrations, specially Engraved 
for the work. Crown 8vo, 950 pp., leather. [/«<< Publishtd. 8/0 

"Kempe's Year- Book really requires no commendation. Its sphere of useAilness Is widely 
known, and ft is used by engineers the world orts."—Th€ Engineer. 

"The volume Is distinctly In advance of most similar pubHcatloos In this ooontry."— 
Bngitt*eHtt£» 



ENQINEMAN'S POCKBT COMPANION, an4 Practice Edu, 

cator for Enginemen, Boiler Attendants, and Mechanics. By Michab;. 
Rbtnolds. With 45 Illustrations and numerous Diagmms. Fifth Edition. 
Royal z8mo, strongly boim4 iv pogket wear , , , , 1 « S/Q 



12 CROSBY LOCKWOOD 6* SON'S CATALOGUE 



EXCAVATION (EARTH AND ROCK). A Practical Treatise, 
by Charles Prblini, C.E. 365 pp., with Tables, many Diagrams and 
Engravliigs. Royal 8vo, cloth Net 1 6/0 



FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manofiactorers. By £. Gasckb and J. M. 
Fblls. Crown 8vo, cloth 7/6 



PIRB5, PIRE-BNQINB5, AND FIRE BRIGADES. With 

a History oS Fire'Engines, their Construction, Use, and Manai;ement. 
Hints on Fire-Brigades, ftc. By C. F. T. Young, C.E. 8vo, clotb, £1 48. 



FOUNDATIONS AND CONCRETE WORKS. With Practical 

Remarks on Footings, Planking, Sand and Concrete, B^ton, Pile-driving, 
Caissons, and Cofferdams. By E. Dobson. Crown 8vo. . • 1 /6 



FUEL, ITS COMBUSTION AND ECONOMY. Consisting 
of an Abridgment of "A Treatise on the Combustion of Coal and the 
Prevention of Smoke." By C. W. Williams, A.Inst. C.E. With extensive 
Additions by D. Kinnear Clark, M.Inst.C.E. Fourth Edition. Crown 
8vo, cloth 3/6 



FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis 
and Valuation. For the use of C hemists and Engineers. By H. J. Phillips 
F.C.S., formerly Analjrtical and Consulting Chemist to the Great Eastern 
Railway. Fourth Edition. Crown 8vo, cloth 2/0 



QAS AND OIL ENGINE MANAGEMENT. A Practical 

Guide for Users and Attendants, being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.Inst.C.E., M.I.Mech.E. Author of 
" Wo<xlworking Machinery," &c. Second Edidon, with an additional Chapter 
on Gas Producers. Crown 8vo, cloth . • • . . Net 3/6 

Selecting and Fixing a Gas Engine— Principles of Working, etc.— Failures 
AND Defects— Valves, ignition, Piston Rings, etc. —Oil Engines— Gas Producers 

—RULES, tables, ETC. 



GAS ENGINEER'S POCKET-BOOK. Comprising Tables, 

Notes and Memoranda relating to the Manufacture, Distribution, and Use of 
Coal Gas and the Construction of Gas Works. By H. O'Connor, A. M.Inst. 
C.E. Third Edition, Revised. Crown 8vo, leather. 

[Just Published, Net ^0/S 
" The book contains a vaist amount of information " — Gas JVorld. 



GAS-ENGINE HANDBOOK. A Manual of Useful Infer- 
mation for the Designer and the Engineer. By E. W. Roberts, M.E. 
With Forty Full-page Engravings. Small Fcap. Svo^ leather . , Net 6/6 
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QA5-ENQINE5 AND PR0DUCER-QA5 PLANTS. A 

Treatise setting forth the Principles of Gas Engines and Producer Design, 
the Selection and Installation of an Engine, 'the Care of Gas Engines and 
Producer-Gas Plants, with a Chapter on Volatile Hydrocarbon and Oil 
Engines. By R. E. Mathot, M.E. Translated from the French. With a 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. Medium 8vo, cloth, 
310 pages, with about 150 Illustrations Net *! 2/0 

Motive Power and Cost of Installation— Selection of an Engine- 
Installation OF AN ENGINE— Foundation and Exhaust— water Circulation— 
Lubrication— Conditions of Perfect Operation— How to start an Engine— Pre- 
cautions— Perturbations in the Operation of Engines— Producer-Gas Engines 
—Producer-Gas— Pressure Gas-Producers— suction Gas-producers— Oil and 
Volatile Hydrocarbon engines— The Selection of an Engine. 

QAS ENGINES. With Appendix describing a Recent Engine 
with Tube Igniter. By T. M. Goodbvb, M.A. Crown 8vo, cloth . 2/6 

QAS MANUFACTURE, CHEMISTRY OF. A Practical 

Manual for the Use of Gas Engineers, Gas Managers and Students. By 
Harold M. Roylb, F.C.S., Chief Chemical Assistant at the Becton Gas 
Works. Demy 8vo, cloth. 340 pages, with numerous Illustratiens and 
Coloured Plate [/U5/ published, Net 1 2/6 

Preparation of Standard Solutions— Analysis of Coals— Description of 
Various types of furnaces— products of Carbonisation at Various Temper- 
atures— Analysis of CRUDE Gas— Analysis of Lime— analysis of* ammoniacal 
Liquor— analytical valuation of Oxide of Iron— Estimation of Napthalin-. 
Analysis of Fire-bricks and Fire-clay— Art of Photometry— Carburetted 
Water Gas— Appendix containing Statutory and Official Regulations for 
Testing Gas, Valuablh Excerpts from various Impjrtant Papers on Gas 
Chemistry, Useful tables. Memoranda, btc. 

QAS WORKS. Their Construction and arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. Hughes, C.E. Ninth 
Edition. Revised, with Notices of Recent Improvements by Henry 
O'Connor, A.M.Inst.C.E. Crown 8vo, cloth 6/- 

QEOMETRY. For the Architect, Engineer, and Mechanic, By 
E. W. Takn, M.A., Architect. 8vo, cloth 9/0 

QBOMBTRY FOR TECHNICAL STUDENTS. By E. 

H. Spragub, A.M.Inst.C.£. Crown 8vo, cloth iV«M/0 

GEOMETRY OF COMPASSES. By Oliver Byrne. Coloured 
Plates. Crown 8vo, cloch 3/6 



HEAT, EXPANSION OF STRUCTURES BY. By John 

Kbilt, C.£. Crown 8vo, cloth 3/6 

HOISTING MACHINERY. Including the Elements of Crane 

Constmction and Descriptions of the Various Types of Cranes in Use. By 

 Joseph Horner, A.M.l.M.E. Crown 8vo, cloth, with 215 Illustrations, 

mclading Folding Plates Net fit 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide u> Hydraulic Calculations and Field 
Operations. Bv Lewis D'A. Jackson. Fourth £dition, Enlarged. Large 
crown 8vo, doth 1 6/0 
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HYDRAULIC POWER BNQINEERINQ. A Practical Manual 

oo the Concentntioo aad Transmission of Power by Hydraulic Machinery. 
By G. Ckotdom Makks, A.M.Inst.C.£. Second Edition, Enlarged, with 
about 240 Illustrations. 8vo, doth. Net 1 0/6 

Summary op Contbnts :— Principzas op Hydraulics.— Thb flow op water.— 
Hydrauuc Prbssurbs.— Material. —Tbst Load.— Packing por Sliding Surpaces. 
—Pipe Joints.— Controlling Valves.— platporm Lipts.— workshop and foundry 
Cranes.— Warehouse and Dock Cranes.— hydraulic Accumulators.— presses 
POR Baling and other purposes.— Sheet Metal working and Forging Machinery. 
—Hydraulic Riveters.— Hand and Power Pumps.— Steam Pumps.— Turbines.- 
Impulse Turbines —Reaction turbines.— Design op Turbines in Detail.— Water 
Wheels.— Hydraulic enginbs.— Recent Achievements.- Pressure op Water.— 
Action op pumps, Ac 

"Can be nnheaf ringly recommfwded as a usefiil and up-feo-data manual on hydrauHc tfans- 
■BlMloa and utttlntk>n of power."— iAdkaMtfkv/ li^tHd. 



HYDRAULIC TABLB5, CO-EPFICIBNTS, & PORMULiC. 

For Findinc the Dischaq;e <^ Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M.R.I.A.' Third Edition, revised, with 
additions. Numerous lUustrations. Crown 8vo, cloth ... 1 4/0 



IRON AND METAL TRADES' COMPANION. For Ex- 

peditiously Ascertaining the Value of any Goods bought or sold by Weight, 
nrom zs. per cwt. to zzas. per cwt., and from one fruthing per pound to one 
shilling per pound. By Thomas Downib. Strongly bound in leather, 
396 pp 9/0 



IRON AND STEBU A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stodc-takers ; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders; 
Mechanical, Mining, and Consulting Engineers; Architects, Contractors, 
Builders, ftc. By Charlbs Hoakb, Author of " The Slide Rule," &c. Ninth 
Edition, aamo, leather 6/0 



IRON AND 5TEEL CONSTRUCTIONAL WORK, as applied 
to Public, Private, and Domestic Buildings. By Francis Campin, C.E. 
Crown 8vo, cloth 3/6 



IRON & STEEL QIRDBR5. A Graphic Table for facUitating 

the Computation of the Weights of Wrought Iron and Steel Girders, &c, 
for Parliamentary and other Estimates. By J. H. Watsoh Buck, M.Inst.CE. 
On a Sheet 2/6 



IRON-PLATE WEIQHT TABLES. For Iron Shipbuilders, 

Engineers, and Iron Merchanu. Containing the Calculated Weights of 
upwards of 150,000 different sizes of Iron Plates from z foot by 6 in. by | in. 
to zo feet by s feet by z in. Worked out on the Basis of 40 lbs. to the square 
foot of Iron of z inch in thickness. By H. Burlinson ind W. H. Simpson. 
4to, half-bound ... ....;.. £1 fit. 
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IRRiQATON (PIONEER). A Manual of Information for 

Farmers in the Colonies. By E. O. Mawson, M.Inst.CE., Executive 
Eneineet, Public Works Department, Bombay. With Chapters on L'ght 
Railways by E. R. Calthrop, M.InstC.E., M.I.M.E. With Plates and 

Diagrams. Demy 8vo, cloth Net 1 0/6 

Value of Ix.rigation, and Sources of Water Supply— Dams and Weirs— 
Canals— Underground water— methods of irrigation— Sewage irrigation— 
iMPER^iAL Automatic Sluice Gates— The Cultivation of Irrigated Crops. Vege- 
tables, and Fruit Trees — Light railways for heavy Traffic— Useful 
Memoranda and Data. 

LATHE PRACTICE. A complete and Practical Work on the 

Modem American Lathe. By Oscar E. Pbrrigo, M.Ei, Author of 
" Modem Machine Shop Construction, Equipment, and Management," etc. 
Medium 8vo, 424 pp., 375 illustrations. Cloth. 

l/ust Published, Net 1 2/0 

History of the Lathe up to the Introduction of Screw threads— Its 
Development Since the introduction of Screw Thread*;— Classification of 
Lathes— LATHE design: The bed and its Supports— the Head-Stock Casting, 
THE Spindle, and Spindle-cone— The spindle Bearings, The Back Gears, and the 
Triple-Gear Mechanism— the Tail stock, the Carriage, the Apron, etc.— 
TURNING Rests, supporting rests. Shaft Straighteners, etc.— Lathe Attach- 
ments—Rapid Change Gear mechanism— Lathe Tools, High-speed steel, speeds 
AND feeds. Power for cutting Tools, etc.— Testing a Lathe— Lathe work- 
engine Lathes— Heavy Lathes— High-Speed Lathes— Special Lathes— regular 
turret Lathes— Special Turret Lathes— electrically-Driven Lathes. 

LATHE-WORK. A Practical Treatise on the Tools. Appliances, 

and Processes employed in the Art of Turning. By Paul N. Hasldck. 

Eighth Edition. Crown 8vo, cloth ' . G/0 

** W« can safely wromiiMwd th« woik to yotms^ engtoean. To tlM aaaatear It ytVl dmply bo 
iavaluablo."- Engineer. 

LAW FOR ENGINEERS AND MANUFACTURERS. 

See Every Man's Own Lawyer. A Handybook of the Principles of Law 
and Kquity. By a Barrister. Forty-fourth (1007) Edition, Revised and 
Enlarged, includmg Abstracts of the Legislation of 1006 of especial interest^ to 
Engineering Firms and^ Manufacturers, such as the Workmen's Compensation 
Act, 1906 ; the Prevention of Corruption Act, 1006 ; the Trades Disputes Act. 
1906 ; the Merchant Shipping Act, 1906 ; the Marine Ii.surance Act, 1906, and 
many other recent Acts. Large crown 8vo, cloth, 838 pages. 

[Just published. Net e/S 

" No Engriishman ought to be without this hook."— Engineer. 

" Ougrht to be in every business establishment and all Uhraxies."—SMejffieUl Poit. 

" It Is a completo code of English Law written in plain langnaflpe, which all can ondentand. 
. . Should be In the hands of every business man. and all who wish to abolish lawyen' bUIs. "— 
H'teMly Times. 

** A useful and concise epitome of the law, compiled with considerable care."— £«w Maga/rine 

LEVELLlNa, PRINCIPLES AND PRACTICE OP. Show. 

ing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; vrith Mr. Tblpord's Rules for the same. By 
Frederick W. Simms, M.Inst.C.£. Ninth Edition, vrith Law's Practical 
Examples for Setting-out Railway Curves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Pbtfes and numerous Woodcuts. 

8vo 8/6 

"The publishen have rendered a substantial service to the profession, especially to the 
yoonget membefs, by brlnginc out the present edition of Mr. Simms's umAU wou^" --EngiHeeritig. 

LOCOMOTIVE ENGINE. The Autobiography of an old Loco- 
motive Eni;ine. By RoBEKT WBAThBBBDRM, M.1.M.£. With Illnstrationa 
and Portraits of Gboegb and Robbkt Stxphbmson. Crown 8vo, doth. 

JIfet 2/6 
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LOCOMOTIVE ENQINB DEVELOPMENT. A Popular 

Treatise oa the Gradual Improvements made in Railway Ea^es between 
1803 and 1903. By Cumkmt C. Stkbttom, CE. Sixth Edition, Revised 
and Enlarged. Crown 8vo, cloth Ntt 4/6 



LOCOMOTIVE ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Locomotive Engines. By Michael Reynolds, 
M.S.E. Twelfth Edition. Crown 8vo, cloth, 3/6 ; cloth boards 4/6 



LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 
G. U. Dempsby, C.E. With large Additions treating of the Modem Loco- 
motive, by D. K. Clark, M.Inst.C.E. With Illustrations. Crown 8vo, cloth 

3/0 



LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine- 

Boy. Coihprising a Historical Notice cf the Pioneer Locomotive Engines 
and their Invent(»rs. By Michakl Rbvnolds. Crown 8vo, cloth, 3/6 » 
cloth boards 4/6 

MACHINERY, DETAILS OF. Comprising Instructions for 
the Execution of various Works in Iron in the Fitting Shop, Foundry, and 
Boiler Yard. By Francis Campin, C.E. Crown 8vo, cloth . . 3/0 

MACHINE 5H0P TOOLS. A Practical Treatise describing 

in every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes of 
Modern Machine Shop Practice, includinje Chapters on Filing, Fitting and 
Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; the Lathe and its 
Tools ; Planers, Shapers and their Tools ; Milling Machines and Cutters ; Gear 
Cutters and Gear Cutting; Drilling Machines and Drill Work; Grinding 
Machines and their Work; Hardening and Tempering, Gearing, Belting, 
and Transmission Machinery ; Useful Data and Tables. ^ By W. H. Van 
Dervoort, M.E. Illustrated by 673 Engravings. Medium 8vo. 

Nit 21/0 



MAGNETOS FOR AUTOMOBILISTS : How made and How 

used. A handj'book on their Construction and Manaqgement. By S. R. 
BoTTONE. Crown 8vo, cloth .... [Just Published, Net 2/0 



MARINE ENQINEERINQ. An Elementary Manual for Young 
Marine Engineers and Apprentices. By J. S. Brewer. Crown 8vo, cloth. 

1/6 

MARINE ENQINEER'5 GUIDE to Board of Trade Exam- 

inations for Certificates of Competency. Containing all Latest Questions to 
Date, with Simple, Clear, and Ciorrect Solutions ; 303 EUen^entary Questions 
with Illustrated Answers, and Verbal Questions and Answers ; complete Set 
of Drawings with Statements completed. By A. C. Wannam, C.B.^ Consult- 
ing Engineer, and £. W. 1. Wannan, M.I.M.E., Certificated First Claas 
Marine Engineer. With numerous Engravings. Fotuth Edition, Enlai^ed. 
500 pages. Xarge crown 8vo, cloth I/iet 1 0/6 
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MARINE ENQINEER'5 POCKET-BOOiC. Containing latest 

Board of Trade Rules and Data for Marine Engineers. By A. C. Wannan. 
Fourth Edition, Revised, Enlarged, and Brought up to Date. Square* z8mo, 
with thumb Index, leather • . • • 6/0 



MARINE ENGINES AND B0ILER5. Their Design and 

Construction. A Handbook for the Use of Students, Engineers, and Naval 
Constructors. Based on the Work "Berechnung und Konstruktion der 
Schiffsmaschinen tind Kessel," by Dr. G. Bauer, Engineer-in-Chief of the 
Vulcan Shipbuilding Yard, Stettin. Translated from the Second German 
Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. Edited 
by Leslie S. Robertson, Secretary to the En|;ineering Standards Com- 
mittee, M.I.C.E., M.I.M.E., M.I.N.A., &c. With numerous Illustrations 
and Tables. Medium 8vo, doth AV/ 2fi/- 

SUMMARY OF CONTENTS :— PA RT I.— MAIN ENGINES.— DBTBRMINATION OF CYLIN- 
DER Dimensions.— THE Utilisation of Steam in the Engine.— Stroke of Piston. 
—NUMBER OF Revolutions.— Turning moment.— balancing of the Moving parts. 
—Arrangement of Main engines.— Details of main Engines.— The Cylinder.— 
Valves.— Various Kinds of Valve Gear.— Piston Rods.— Pistons.— Connecting 
Rod AMD Crosshead.— Valve Gear Rods.— Bed Plates. — Engine Columns.'- 
Reversing and Turning gear, part II.— pumps.— Air, circulating Feed, and 

AUXILIARY PUMPS. PART III.— SHAFTING, RESISTANCE OF SHIPS, PROPELLERS. 

—Thrust shaft and thrust block.— tunnel shafts and plummer Blocks.— 
SHAFT couplings.— Stern tube.— the Screw propeller.— construction of the 

SCREW. PART IV.— PIPES AND CONNECTIONS.— GENERAL REMARKS. FLANGES. 

Valves, &c.— Under Water Fittings.— Main Steam, Auxiliary Steam, and 
Exhaust Piping.— Feed Water, Bilge, Ballast and Circulatuig Pipes. PART V.— 
STEAM BOILERS.— Firing and the generation of Stram.— cylindrical boilers. 
— locomotive Boilers. — ^^ater-tube Boilers. — Small Tube Water-tube 
Boilers.- Smoke box.— funnel and Boiler lagging.— Forced Draught.— boiler 
Fittings and Mountings. PART VL— MEASURING INSTRUMENTS. PART VIL— 
VARIOUS DETAILS.— Bolts, nuts, SCREW Threads, &&— Platforms, gratings. 

Ladders. — found ations. — Seatings. — Lubrication Ventilation of Engine 

Rooms.— rules for spare gear, part viii.— additional tables. 

"This handsome volume contains a comprehensive account of the design and construction of 
modem marine engines and boilers. Its arrangement is excellent, and ^e numerous illustrations 
represent recent practice for all classes of warships and vessels of the mercantile marine. His 
position as Engineer-in-Chief of the great Vulcan works at Stettin gave the author special facilities 
tor selecting illustrations from the practice of that firm, which has DuUt many of the swiftest types 
of steamships for both war and commerce. Other German firms and the Gferman Admiralty nave 
been enualiy generous in contributing information, while a large proportion of the illustrations is 
drawn from English technical journals and the proceedings of our engmeering societies. American 
practice is also represented. The compilation has been laborious, no doubt, but it constitutes a 
valuable book of reference and a treasury of information. The English editor and his assistants 
have done their work weU, both in transladon and in the conversion of metric to English measures." 
—The Times. 

MARINE ENGINES AND STEAM VESSELS. By R. 

Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by 
the Author and by George Carlisle, C.E. Crown 8vo, cloth . . 4/6 

MA50NRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diiurram of Forces, &c. For the use of Civil and Mining Engineers. By 
C F. CoDRTNBT, M.In8t.C.E. 8vo, cloth 9/0 



MASTING, MAST-MAKINQ, AND RIQQINQ OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kipping. Crown 8vo, cloth 2/0 



MATERIALS AND CONSTRUCTION. A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By F. Campin. Crown 8vo, cloth 3/0 



il 



i8 CROSBY LOCK WOOD 6* SON'S CATALOGUE, 



MATERIALS, A TRBATI5E ON THE STRENGTH OP. 

By P. Barlow, F.R.S.» P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. 
Sditedby Wm. HuMBBR, A.M.Inst.C.£. 8vo, cloth . . 18/0 

" TlM fUndaid traatlM on that paitkolu subjocc"— £«v*M<«r. 

MATHEMATICAL TABLES. For Trigonometrical, Astrono- 
mical, and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms, by H. Law, C.E. With Tables for Navigation and Nautical 
Astronomy. By Prof. J. R. Young. Crown Svo.-cloth . . 4/0 

MECHANICAL ENQINEERINQ. Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical 
Manipulation, Manufacture of the Steam Engine, &c. By Francis 
Campin, C.E. Third Edition. Crown 8vo, cloth .... 2/6 

MECHANICAL ENQINEERINQ TERMS. (Lockwood's 

Dictionary). Embracing ttrms current in the Drawing Office, Pattern 
Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. Comprising 
upwards of 6,ooo Definitions. Edited by J. G. Horner, A.M. LM.E. Third 
Edition, Revised, with Additions. Crown 8vo, cloth . . . JVet 7/6 

MECHANICAL ENQINEER'S COMPANION. Areas, 

Circumferences, Decimal Equivalents, in inches and feet, millioietres, 

auares, cubes, roots, &c. ; Strength of Bolts, Weight of Iron, &c ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst. C.E. Fcap. 8vo, doth. 3/6 

MECHANICAL ENQINEER'5 POCKET-BOOK. Comprising 

Tables, Formulae, Rules, and Data: A Handy Book of Reference for 
Daily Use in Engineering Practice. By D. Kinnear Clark, M.Inst.C.E., 
Sixth Edition, thoroughly Revised and Enlarged. By H. H. P. Powlbs, 
A.M.Inst.C.E., M.I.M.E. Small 8vo, 700 pp.. Leather 

[Just published. Nei 6/0 

Mathbmaticax. Tables. — Mbasurbmbnt of surpacbs and solids. — Eng- 
lish Wbights and Mbasurbs.— French metric wbights and measurbs.— 
Foreign Weights and Measures.— Moneys.— specific Gravity, weight, and 
VOLUMB,— Manufactured metals. — steel pipes. — bolts and nuts.— sundry 
articles in wrought and Cast Iron, copper, Brass. Lead. Tin, Zinc- 
strength op Materials. — Strength of Timber.— Strength op Cast Iron.— 
strength of Wrought Iron.— strength of Steel.- Tensile Strength op Copper, 
lead, ace— resistance op stones and other building materials.— riveted joints 
in boilbr plates.— boilbr shells.— wire ropes and hemp ropes.— chains and 
chain cablbs.—framing.— hardness of metals. alloys, and stones.— labour op 
ANIMALS.— Mechanical Principles.— Gravity and Fall of Bodies.— accelerating 

AND retarding FORCES.— MILL GEARING, SHAFTING. &€.— TRANSMISSION OP MOTIVE 

POWER.— HEAT.— Combustion : Fuels.— warming. Ventilation, cooking stoves.— 

STEAM.— .STEAM ENGINES AND BOILERS.— RAILWAYS.— TRAMWAYS.— STEAM SHIPS.— 
PUMPING STEAM ENGINES AND PUMPS.— COAL GAS -GAS ENGINES, dec— AlR IN MOTION 
.-COMPRESSED AIR.— HOT AlR ENGINES.— WATER POWER.— SPEED OF CUTTING TOOLS. 

—COLOURS.— Electrical Engineering. 

"It would be found difficult to compceBS move matter within a simUar compass, ox produce a 
book of 700 pages which should be mote compact or conveoient for pocket reference. . . . Will 
be appiedated by mechaaical engineers of all classes."— Practical En^nter. 

MECHANICAL ENQINEER'5 REFERENCE BOOK. For 

Machine and Boiler Construction. By Nelson Foley, M.I.N. A. New 
Bdition, Revised throughout and much Enlarged. To be issued in parts. 

[In Preparation. 
** Mr. Foley is wdl fitted to compQe such a work. The diagrams are a great feaaire o< the 
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the 
deeira of the author and become hidlspensabfe to all mechanical engineers."— Afan>M Engirtter. 

** We have caiefully eramined this woric, and pronounce it a most exceDent reference book 
for the use of naiine wiglnnen.*— g^wtxtf ^AmtHcan SocUfy ^ Naval Sngituers. 
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MECHANICAL HANDLINQ OF MATERIAL. A 

Treatise on the Handling of Material such as Coal, Ore, Timber, &c, 

by Automatic or^ Semi-Automatic Machinery, together with the Various 

Accessories used in the Manipulation of such Plant, and Dealing fully with 

the Handling, Storing, and Warehousing of Grain. By G. F. Zimmbr, 

A.M.Inst.C.E. 528 pages Royal 8vo, cloth, with 550 Illustrations (including 

Folding Plates) specially prepared for the Work . . JV>/ 26/d 

"It is ap essentially practical work written by a practical man, who is not only thoroughly 

acquainted with his subject theoretically, but who also has the biowlec^e that can only be 

obtained by actual experience in working and planning installations for the mechanical handling 

of raw material"— 77(« Times. 

MECHANICS. Being a concise Exposition of the General 
Principles of Mechanical Science and their Applications. By C. Tomlimson, 
F.R.S. Crown 8vo, cloth 1 /g 

MECHANICS: CONDENSED. A Selection of Formulae, Rules, 

Tables, and Data for the Use of Engineering Students, &c. By W. G. C, 
Hughes, A.M.I.C.E. Crown 8vo, cloth 2/6 

MECHANICS OF AIR MACHINERY. By Dr. J. Wiesbach 

and Prof. G. Herrmann. Authorized Translation with an Appendix on 
American Practice bv A. Trowbridge, Ph.B., Adjunct Professor of MechanicsJ 
Engineering, Columbia University. Royal 8vo, cloth; . . Nti 1 8/0 

MECHANICS' WORKSHOP COMPANION. Comprising a 

great variety of the most useful Rules and Formulse in Mechanical Science, 
with numerous Tables of Practical Data and Calculated Results for Facilita- 
ting Mechanical Operations. By William Tbmpleton, Author of "The 
Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by W. S. Hutton, C.E., Author of 
"The Works' Manager's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 

8 Plates and upwards of 350 Diagrams, leather A/O 

"This well-known and Uurgely-used book contains Infonnatlon, bioaefat up to date, of the 

sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 

to constitute It practically a new book."— if<ecAaM^£»/ World. 

MECHANISM AND MACHINE TOOLS. By T. Baker; 
C.E. With Remarks on Tools and Machinery by J. Nasmyth, C.E. 
Crown Svo, cloth 2/6 

MENSURATION AND MEASURING. With tlie Mensuration 
and Levelling of Land for the purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Crown Svo, cloth 1 /6 

METAL-TURNING. A Practical Handbook for Engineers, 
Technical Students, and Amateurs. By Joseph Horner, A.M.LMech.B., 
Author of ** Pattern Making," &(>. Large Crown Svo, cloth, with 488 Illus- 
trations. [/MS/ PubUshed. Net 9/0 

SUMMARY OF CONTENTS :— INTRODUCTION.— RELATIONS OF TURNERY AND MACHINE 
SHOP.— SEC. I. THE LATHE, ITS WORK, AND TOOLS.— FORMS AND FUNCTIONS OF TOOLS- 
REMARKS ON TURNING IN GENERAI SEC. II. TURNING BETWEEN CENTRES.— CENTRING 

AND DRIVING.— USE OF STEADIES.— EXAMPLES OF TURNING INVOLVING LlNING-OUT 

FOR CENTRES.— Mandrel Work.— Sec. III. Work Supported at One End.— Face 
PLATE Turning.— ANGLE Plate turning.— independent Jaw Chucks.— Concentric. 
Universal, Toggle, and Applied Chucks.— Sec. IV. Internal Work.— Drilling, 
Boring, and allied Operations.— Sec. v. screw cuttings and Turret Work. 
—Sec. VI miscellaneous. — Special Work. — mbasurbmbnt. Grinding.— Toot 
Holders— Speed and feeds, Tool Steels.— Steel Makers' InstructionSi 
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METRIC TABLB5. In which the British Standard Measures 

and WeighU ve oompared witb tboat of the Metric Sjrstem at present in Um 
oo the Continent. By C. H. Dowling, CE. 8vo, dotb . 10/6 

MILLING MACHINES ; their Design, Construction, and Work- 
ing. A Handbook for Practical Men and Engrineering Students. By Tosbph 
Horner, A.M.I.Mech.E., Author of *' Pattern Making," &c. With a6o 
Illustrations. Medium 8vo, cloth Nei 1 2/o 

Leading Elements of Milling Machine Design and Construction— plain 
and universal machines — attachments and bracings — vertical spindles 
machines— plano-millbrs or slabbing machines— special machines— gutters- 
MILLING Operations— INDEXING, Spiral work, and Worm. Spur, and Bevel gears, 

ETC— SPUR AND BEVEL GEARS— FEEDS AND SPEEDS. 

MOTOR CARS FOR COMMON ROADS. By A. J. Wallis- 

Tatlbk, A.M.In8t.C.E. sxa pp., with 76 Illustrations. Crown 8vo, 
cloth 4/6 

MOTOR VEHICLES FOR BUSINESS PURPOSES. A 

Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Wallis-Tayler, A.M.Inst.C.E. With 134 Illustra- 
tions. Demy 8vo, cloth Net 9/0 

NAVAL ARCHITECT'S AND SHIPBUILDER'S POCKET 

BOOK. Of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clbmbmt Mackrow, M.I.N. A. 
Ninth Edition, Fcap., leather N^t 1 2/6 

SIGNS AND SYMBOLS, DBCXMAL FRACTIONS.— TRIGOMOMBTRY.— PRACTICAL GEO- 
METRY. — MENSURATION. — CBNTRBS AND MOMENTS OP FIGURES. —MOMENTS OP 
INBRTLA AND RaDII GYRATION. — ALGEBRAICAL EXPRESSIONS FOR SIMPSON'S 

rules.— mechanical principles.— centre op gravrty.- laws of motion.— 
displacement, centre of buoyancy.— centre op gravity op ship's hull. 
— Stabilffy Curves and Mbtacbntres Sea and Shallow-water Waves. 

—ROLLING OP SHIPS.— propulsion AND RESISTANCE OF VESSELS.— SPEED TRIALS.— 

Sailing, Centre op Effort.- Distances down rivers, Coast Lines.— steering and 
RUDDERS OF Vessels.- Launching Calculations and VBLocrriES.— Weight op 
Material and Gear. — Gun particulars and Weight.- Standard Gauges.- 

RrvBTED Joints and Riveting Strength and Test^ op Materials.— Binding 

AND Shearing Stresses.- Strength op Shafting, Pillars, Wheels, &c. — 
hydraulic Data. &c. — Conic Sections. Catenarlan Curves. — Mechanical 
Powers. Work.— Board op trade Regulations for Boilers and Engines.- Board 
op Trade Regulations for ships.— Lloyd's rules for Boilbrs.— Lloyd's Weight 
op Chains.— Lloyd's scantlings for ships.— Data op Engines and Vessels.— 
Ships' fittings and tests.— seasoning Preserving Timber.- Measurement of 
Timber.— Alloys. Paints, Varnishes.— Data for Stowage.— Admiralty Trans- 
port regulations. — rules for Horse-powbr. Screw Propbllers, &c.— Per- 
centages FOR Butt straps.— particulars op yachts.— masting and Rigging. 
— Distances op Foreign ports.— tonnage Tables.- Vocabulary of French and 
English Terms.— English weights and mbasurbs.— foreign weights and Mba- 
SURBS.— Decimal Equivalents.— Useful Numbers.- Circular Mbasurbs.— Areas 
OP AND Circumferences op Circles.— areas of segments of Circles.- Tables 
OP Squares and Cubes and Roots of numbers.— Tables of Logarithms op num- 
bers.— Tables OF HYPERBOLIC LOGARnHMS.— TABLES OF NATURAL SINES, TANGBNTS. 

—Tables op Logarithmic Sinbs. tangents. Sec 

" In these days of adTanced knowleds[e a work Uke this is of the greatest value. It coatalns 
a vast amount of infonnadon. We unhesitatmgly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or Iron shipbuilder, can afford to be without this worlc"— AaM/tos/ Maguttifu. 

NAVAL ARCHITECTURE. An Exposition of the Elementary 
Principles. By J. Peake. Crown 8vo, cloth 3/6 

NAVIGATION AND NAUTICAL ASTRONOMY, In Theory 
and Practice. By Prof. J. R. Young. Crown 8vo, cloth . . 2/6 

"A very complete, thorough, and useful manual for the young navigator."— (Mfei voitofy. 
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NAVIGATION, PRACTICAL. Consisting of the Sailor's Sea 
Book, by J. Greenwood and W. H. Rossbr ; together with Mathematical 
and Nautical Tables for the Working of the Problems, by H. Law, C.E., 
and Prof. J. R. Young 7/0 

PATTERN MAKINQ. Embracing the Main Types of Engineer- 
ing ConstmctioD, and including Gearing, Engine Work, Sheaves and PuUevs, 
Pipes and Columns, Screws, Machine Parts, Pumps and CocIcf, the Mould- 
ing of Patterns in Loam and Greensand, Weight of Castings, &c. By J. G. 
HoRNSR, A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. 
Crown 8vo, cloth iV>^ 7/6 

"A well-written technical guide, evidently written by a man friio understands and has prac- 
tised what he has written about,"— Buiider. 

PATTERN MAKINQ. A Practical Work on the Art of Making 

Patterns for En«;ineering and Foundry Work, including (among other matter) 
Materials and Tools, Wood Patterns, Metal Patterns, Pattern Shop Mathema- 
tics, Cost, Care, &c., of Patterns. B>r F. W. Barrows. Fully Illustrated by 
Engravings made from Special Drawings by the Author. Crown Bvo, cloth. 

Net 6/0 

Pattern Makers and Pattern making— Materials and Tools— Examples of 
PATTERN WORK— Metal patterns— Pattern shop Mathematics— Cost, Cake, and 
Inventory of patterns— Marking and Record of Patterns— Pattern Accounts. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By £. Dobson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth 4/6 

PNEUMATICS, Including Acoustics and the Phenomena of 
Wind Currents, for the use of Beginners. By Charles Tomlinson, 
F.R.S. Crown 8vo, cloth 1/6 

PUMPS AND PUMPING. A Handbook for Pump Users. 

Being Notes on Selection, Construction vud Management. By M. Powis 

Balk, M.Inst.CE., M.I.Mecfa.E. Fifth Edition. Crown 8vo, cloth . 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse* 
ness has been the author's aim througrhout ; yet he does not seem to have omitted anythfaig Uk^ to 
be of uat."~-yourHal of Gas Lighting. 

PUNCHES, DIES, AND TOOLS FOR MANUFACTURING 

IN PRB35BS. By Joseph V. Woodworth. Medium 8vo, cloth. 482 
pages with 700 Illustrations .... [Just Published. Net 1 6/0 

Simple bending and Forming Dies, their Construction, Use and Operation 
—INTRICATE Combination, bending and Forming Dies, for AccurateiANd Rapid 
Production— Automatic forming, BeWding and Twisting Dies and Punches, for 
Difficult and Novel Shaping— cut, Carry, and Follow Dies, together with 
Tool Combinations for progressive Sheet metal working— Notching perfo- 
rating AND Piercing Punches, Dies and Tools— Composite, Sectional, Compound 
and armature Disk and segment punches and Dies— Processes and Tools for 
MAKING Rifle Cartridges. Cartridge Cases of Quick-Firing Guns, and Nickel 

BULLETjACKETS— The MANUFACTURE AND USE OF DIES FOR DRAWING WIRE AND 

Bar steel— PENS, Pins, and Needles, their evolution and Manufacture- 
Punches, Dies, and Processes for Making hydraulic Packing Leathers, 
together with Tools for Paint and Chemical Tablets— Drawing, Re-Drawing, 
reducing, flanging. Forming, Reversing, and Cupping processes. Punches and 
Dies for Circular and rectangular and Sheet-metal Articles— Beading, 
Wiring, Curling and seaming punches and Dies for closing and Assembling of 
metal Parts— Jewellery Die-Making, eye Glass, Lens and medal Dies, and 
Construction of Spoon and Fork-Making Tools— design. Construction and Use 
of sub-Pressbs and Sub-Press Dies for watch and Clock work and accurate 
Piercing and Punching— Drop Forging and die sinking, together with Making 
OF Drop Dies, Steam-hammer Dies, Number-Plate Tools and Dies for Bolt 
machines— Methods, Designs, Ways, Kinks, Formulas and Tools for Special 
Work, together with Miscellaneous Information of value to Tool and Die- 
Makers AND Sheet-Metal Goods Manufacturers— Special and Novel Processes, 
Presses and Feeds for Working Sheet Metal in Dies. 
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RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Engineen, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Bbazblxt, M.Inst. CLE. 8vo, doth. I^Tti 10/6 

** The work contains a great deal of practical and useful information which cannot fail to be 
of senrice to engineers entrusted with the enclosure of salt marshes, and to land* owners intending 
to reclaim land nrom the sea."— rA< Engvuer. 



REFRIQERATINQ AND ICE-MAKINQ MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tatlbr, 
A.M.Inst.C.E. Third Edition, Enlarged. Crown 8vo, cloth . . 7/6 

" May be recommended as a useful description of the machinery, the processes, and of ttte 
facts, ligures, and tabulated physics of r9fngwcmxtg."—EngiMur. 



REPRIQERATION AND ICE-MAKINQ POCKET BOOK. 

By A. J. Wallis-Tatlbr, A.M.Inst.C.£. Author of *' Refrigerating and Ice- 
making Machinery," &c. Fourth Edition. Crown 8vo, cloth. I^Tgt 3/6 



REPRIQERATION, COLD 5T0RAQE, & ICE-MAKINQ: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tatler, A.M.Inst.C.E., Author of " Refrigerating and Ice-Making 
Machinery." 6oo pp., with 360 Illustrations. Medium 8vo, cloth. iW^ 16/0 

*' The author has to be congratulated on the completion and production of such an impor- 
tant worlc and it cannot fail to have a large body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the sahiect.''—SteamsM/. 

RIVER BAR5. The Causes of their Formation, and their 
Treatment by '* Induced Tidal Scour " ; with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J.' Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth . . 7/6 



•• 



We recommend all Interested In harbour works— «nd, hideed, those concemad In the 
improvements of rivers generally— to read Mr. Mann's Interesting woric"— £«v^fMfr. 



ROADS AND STREETS. By H. Law, C.E., and D. K. Clark, 
C.E. Revised, with Additional Chapters by A. J. Wallis-Tayler, 
A.M.Inst.C.E. Seventh Edition. Crown 8vo, cloth .... 6/0 

" A book which eveiy boroiu^h surveyor and engineer must possess, and which will be of 
considerable service to architects, builders, and property owners generally, "—^m/^**^ News. 



ROOFS OF WOOD AND IRON. Deduced chiefly from the 
Works of Robison, Tredgold, and Humber. By E. W. Tarn, M.A., 
Architect. Fifth Edition. Crown 8vo, oloth 1/6 



SAFE RAILWAY WORKING. A Treatise on Railway Acci- 

dents, their Cause and Prevention ; with a De scription of Modem Appliances 
and Systems. By Clement E. Stretton, C.E. Third Edition, Enlarged. 
Crown 8vo, cloth . 3/6 



SAFE U5E OF STEAM. Containing Rules for Unprofes- 
sional Steam Users. By an Enginbbr. Eighth Edition. Sewed . 60. 

** If steani>nien would but leani this litde book by heart, hoQer ezplorioos WQuM become 
sensations by their WKdtf."-^Bti£Uth MtchtmU. 
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5AILMAKINQ. By Samuel B. Sadler, Practical Sailmaker, 

late in the employmenc of Messrs. Ratsey and Lapthome, of Cowes and 
Gosport. Second Edition. Revised and Enlarged. Plates. 4to, cloth 

SAILOR'S SEA BOOK. A Rudimentary Treatise on Naviga- 
tion. By Jambs Greenwood, B.A. With numerous Woodcuts and 
Coloured Plates. New and Enlarged Edition. By W. H. Rosser. 
Crown 8vo, cloth 2/6 

SAILS AND SAIL-MAKING. With Draughting, and the 

Centre of Efiort of the Sails. Weights and Sizes of Ropes; Masting, 
Rigging, and Sails of Steam Vessels, etc. By R. Kipping, N.A. Crown 
8vo, cloth 2/6 

SCREW-THREADS, and Methods of Producing Them. With 
numerous Tables ana cooipicte Directions for using Screw-Cutting 
Lathes. By Paul N. Has luck, Author of "Lathe-Work," etc Sixth 

Edition. Waistcoat-pocket size 1/6 

" Full of useful Information, hints and practical cittldsin. Taps, dies, and screwlac tools 

generally are illustrated and their action described."— ifMAaM^icW JVcrld. 



SEA TERMS, PHRASES, AND WORDS (Technical Die- 

tionary (French-English, English-French), used in the Englisb ana Jfreucn 
LAoguages. For the Use of Seamen, Engineers, Pilots. Shipbuilders, Ship- 
owners, and Shipbrokers. Compiled by W. Pirrib, late of the African 
Steamship Company. F'cap. 8vo, cloth . . , . . 6/0 

SHIPBUILDING INDUSTRY OF GERMANY. Compiled 

and Edited by G. Lehmann-Fblskowski. With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super-royal 
4to, cloth ^^tlQlS 



SHIPS AND BOATS. By W. Bland. With numerous Illus- 
trations and Models. Tenth Edition. Crown 8vo, cloth . . 1/6 



SHIPS FOR OCEAN AND RIVER SERVICE. Principles 

of the Construction of. By H. A. Sommerfeldt. Crown 8vo . .1/6 
ATLAS OF ENGRAVINGS to illustrate the above. Twelve large folding 
Plates. Royal 4to, cloth 7/6 



SMITHY AND FORGE. Including the Farrier's Art and 
Coach Smithing. By W. J. E. Crane. Crown 8vo, cloth . . 2/6 



STATICS, GRAPHIC AND ANALYTIC. In their Practical 

Application to the Treatment of Stresses in Roois, Solid Girders, Lattice, 

Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and other 

Frameworks. By R. Hudson Graham, C.£. Containing Dii^ams and 

Plates to Scale.^ With numerous Examples, many taken from existing 

Structures.^ Specially arranged for Class>work in Colleges and Univ«rsities. 

Second Edition, Revised and Enlarged. 8vo, cloth .... 1 6/0 

" Mr. Gfahami's book will find a placa whewvw gnpblc and analytic statics axe osad or 
studied. "—Sngitutr. 
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STATIONARY ENGINE DRIVING. A Practical Manual for 

Engineers in Charge of Stationary Engines. By Michael Reynolds, 
M.S.E. Seventh Edition. Crown 8vo, cloth, 3/6 ; cloth boards . 4/6 

" The author is thoroug^hly acquainted with his subjects, and has produced a manual which is 
an exceedins^ly useful one for the cl^ for whom it is specially intended." — EngiH€erin£r. 



STATIONARY ENGINES. A Practical Handbook of their 

Care and Management for Men-in«charge. By C. HuRST. Crown 8vo. Nit 1 /O 



STEAM AND THE 5TEAM ENGINE. Stationary and 

Portable. Being an Extension of the Treatise on the Steam Engine of 
Mr. J. Sbwell. By D. K. Clark, C.E. Fourth Edition. Crown 8vo, 
cloth 3/6 

" Every essential part of the subject is treated of competently, and in a popular style."— /fv». 



5TEAM AND MACHINERY MANAGEMENT. A Guide 

to the Arrangement and Economical Management of Machinery, with 
Hints on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 
Crown 8vo, cloth 2/6 

" Gives the results of wide experience."— Z.A^«rj Newspaper. 



5TBAM ENGINE. A Practical Handbook compiled with 

especial Reference to Small and Mediom-sued Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Stndents, and ussrs 
of Steam Power. By Herman Habdbr, C.E. Translated from the German 
with additions and iterations, b^ H. H. P. Powles, A.M.I.CE., M.I.M.E. 
Third Edition, Revised. With nearly x,xoo lUustrationf. Crown 8vo, 
cloth Ntt 7/6 

" This b an excellent book, and should be in the hands of all who are Interested in the oon* 
stmctioa and design of medium-sized stationary eng^ines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
in this country. The volume aims at showing the results of practical expenence, and it certainly 
may claim a complete achievement o< this idea."— ASs/wnc. 



5TEAM ENGINE. A Treatise on the Mathematical Theory of, 
with Rules and Examples for Practical Men. By. T. Baker, C.E. Crown 
8vo, cloth 1/6 

" Teems with scientific information with reference to the steam-engine."— Z?«J<f« and Work. 



5TEAM ENGINE. For the Use of Beginners. By Dr. Lardner 
Crown 8vo, cloth 1/6 



5TEAM ENGINE. A Text-Book on the Steam Engine, with a 
Supplement on Gas Engines and Part II. on Heat Engines. By T. 
M. GooDEVE^ M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Saence, London ; Author ot " The Principles <A Mechanics," " The 
Elements of Mechanism," etc. Fourteenth Edition. Crown 8vo, cloth . 6/0 

" Professor Goodere has given us a treatise on the steam engine, wliich wiU bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— ^M)fiMMr. 

*' Mr. GoodeveTs t«ct-book Is a work of which every young engineer should possess himself.* 
—Mining yoitmoL 
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STEAM ENGINE (PORTABLE.) A Practical Manual on 

its Construction and Management. For the nae of Owners and Users of 

Steam Engines generally. By William Dyson Wansbrough. Crown 

8to, cloth 3/6 

" This is a work of value to those who use steam machinery. . . . Should be read bjr every 
one who has a steam engine, on a farm or elsewhere."— JUtr/l Latu Bx^rtu. 



5TEAM ENGINEERING IN THEORY AND PRACTICE. 

By Gardner D. Hiscox, M.E. "With Chapters on Electrical Engineering. 
By Newton Harrison, E.E , Author of ** Electric Wiring, Diagrams, and 
Switchboards." 450 Pages. Over 400 Detailed Engravings 

\Juit published. Net 1 2/6 

Historical— STEAM and its Properties— Appliances for the Generation 
of Steam— Types of Boilers-Chimney and its Work— Heat Economy of the 
Feed Water— Steam pumps and their work-incrustation and its work- 
Steam ABOVE atmospheric PRESSURB-FLOW OF STEAM FROM NOZZLES-SUPER- 

Heated Steam and its work— Adiabatic expansion of steam— indicator and 
ITS Work— Steam engine proportions -Slide Valve Engines and Valve Motion 
-Corliss Engine and its Valve Gear- compound engine and its theory- 
Triple and multiple expansion engine- Steam turbine — Refrigeration- 
elevators AND Their management— Cost of power— steam Engine troubles 
—electric power and electric plants. 



STONE BLASTING AND QUARRYING. For Building and 
other Purposes. With Remarks on the Blowing up of Bridges. By Gen. 
Sir J. Burgoyne, K.C.B. Crown 8vo, cloth 1/6 



STONE-WORKING MACHINERY. A Manual dealing with 

the Rapid and Economical Conversion of Stone. With Hints on the Arrange- 
ment and Management of Stone Works. By M. Powis Bale, M.Inst.C.E. 
Crown 8vo, cloth ' 9/0 

" Should be In the hands of every mason or student of itixxoxmotk."— Colliery Guardian. 



5TRA1N5, HANDY BOOK FOR THE CALCULATION OF. 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica* 
tion, &c By William Humbbr, A. M.Inst.C.£., &c. Sixth Edition. 
Crown 8vo, with nearly xoo Woodcuts and 3 Plates, cloth , 7/6 

" We heartily conunend this really handy book to our engineer and architect readers."— 
BneUsh Mtchanic. 



STRAINS ON STRUCTURES OF IRONWORK. With 

Practical Remarks on Iron Construction. By F. W. Shbilds, M.Inst.C.E 
8vo, cloth 6/0 



SUBMARINE TELEGRAPHS. Their History. Construction, 

and Working. Founded in part on WCnschsmdorpp's " Traits de T61^- 
graphie Sous-Marine," and Compiled from Authoritative and Exclusive 
Sources. By Charlbs Bright, F.R.S.E., A.M.Inst.CE., M.I.Mech.E., 
M.I. E.E. Super royal 8vo, nearly 800 pages, fully Illustrated, including 
a large number of Maps and Folding Plates, strongly bound in cloth 

rrtt £3 3s. 

* Mr. Blight's interestingly written and admirably illustrated book will meet with a welcome 
reception from cable mi&\."^Electrician. 
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SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND 5URVBYOR5. Including the Setting-ont of Works for Construc- 
tion and Surveys Abroad, with many Examples taken from Actual Practice. 
A Handbook for use in the Field and the Office, intended also as a Text-book 
for Students. By John Whiteuaw, Jun., A.M.lnst.C.E., Author of "Points 
and Crossings." With about 260 Illustrations. Second Edition. Demy Bvo, 
cloth Ntt 10/6 

SURVBYING WITH THE CHAIN ONLY— SURVEYING WITH THE AID OF ANGULAR 

INSTROMEMTS—I-HVELUNG -Adjustment of instruments -Railway (including 
Road) surveys and setting our-TACHHOMRTRY OR stadia Surveying -tunnsl 
Alignment and Setting out— Surveys for Watpr supply Works— Hydrogra- 
PHiCAL or Marine survpyk^g-Astronomical Observations used in surveying 
-Explanations of Astronomical trrms— S'»rveys Abroad in juvgle. Dense 
Forest, and unmapped Open Country— Trigonometrical or Geodetic surveys. 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— rA« Builder. 

SURVEYING, LAND AND ENQINEERINQ. For Students 

and Practical Use. By T. Baker, C.E. Twentieth Edition, by F. E. 
Dixon, A.M.lnst.C.E. With Plates and Diagrams. Crown 8vo, cloth 

2/0 

SURVEYING, LAND AND MARINE. In Reference to the 

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns, Water 
Supplies ; Docks and Harbours. With Descrtotion and Use of Surveying 
Instruments. By W. Davis Haskoll, C.E. Second Edition, Revised with 
Additions. Large crown 8vo, cloth 9/0 

" This book must prove of great value to the student. We have no hesitation In recom- 
mending it, feeUng assured that it will more than repay a careful staidy." —Mechanical JVorltL 



SURVEYINQ, PRACTICAL. A Text-book for Students Pre- 

paring for Examinations or for Survey Work in the Colonies By George 
W. Usill, A.M.Inst C.E. Eighth Edition, thoroughly Revised and Enlarged 
hy Alex. Bbazlby, M.Inst C.E. With 4 Lithographic Plates and 360 
Illustrations. Large crown 8vo, 7/6 cloth; or, on thin paper, leather, gilt 
edges, rounded corners, for pocket use 1 2/6 

Ordinary Surveying— Surveytng Instrume^jts— Trigonometry Required in 
SuRVBYrNG — Chain Surveying— Theodolite Surveying— Traversing— Town- 
SURVBYivG— Levelling— Contouring— Setfing Out Curves-Office Work- 
Land Quantities— COLOMAL Licensing regulations— Hypsometer Tables- 
introduction to Tables of Natural Sines, etc.— Natural Sines and Co-Sines 
—Natural Tangents and Co-Tangents— Natural Secants and co-Skcants. 

"The first boolc which should be put in the handsof a pupil of civil ^ngai^ervKg"-' Architect. 



SURVEYING TRIQONOMETRIC^L. An outline of the 

Method of Conducting a Trigonometrical Survey. For the Formation of 
Geographical and Topographical Maps and Plans, Mihcary Reconnaissance. 
Levelling, &c., with Useful Problems, Formulae, and Tables. By 
Lieut. -General Fromb, R.E. Fourth EUlition, Revised and partly Re-written 
by Major-General Sir Charlbs Warrbn, G.C.M.G., R.E. With 19 Plates 
and 1x5 Woodcuts, rojral 8vo, cloth 1 6/0 



SURVEYING WITH THE TACHEOMETER. A Practical 

Manual for the use of Civil and Military Engineers and Surveyors, including 

two series of Tables .specially computed for the Reduction of Readings 

in Sexagesimal and in Centesimal Degrees. By Nbil Kbnnbdt, M.Inst.C E , 

With Diagrams and Plates. Second Edition. Demy 8vo, cloth Net 1 0/6 

" The work It veiy deaily written, and should remove ail difiicutties in the way of any surveyor 
desirous of maJdn^ use of this useful and rapid Inttrument."— JVialwrv. 
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5URVEY PRACTICE. For Reference in Surveying, Levelling, 
and Setting-out ; and in Route Sni veys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By L. D'A. Jackson, A.M.In8t.C.E. 
Second Edition. 8vo, cloth ^ 2/6 



SURVEYOR'S FIELD BOOK FOR ENGINEERS AND 

MINING SURVEYORS; Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and nse of "nieodolite for Traverse Surveying and 
plotting the work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Setting-out Curves with and 
without the Theodolite, Earthwork Tables, &c. By W. Davis Haskoll, 
C.E. With numerous Woodcuts Fifth Edition, Enlarged. Crown 8vo, 
cloth . 12/0 

" The book is very handy; the separate tables of sines and tangents to every minute will 
make it useful for many other purposes, the genuine traverse tables existing all the same."— 
Ai/ttfutum. 



TECHNICAL TERMS, English-French, French-English: A 
Pocket Glossary; with Tables suitable for the Architectural, Engineering, 
Manufacturing, and Nautical Professions. B^ John James Flbtchbr. 
Fourth EUlition, 200 pp. Waistcoat-pocket size, limp leather . • 1 /6 



" The gloflsary of tennsb very complete, and many of the Tables aie new and well arranged 
We cordially commend the book." —i/echanical World, 



TOOLS FOR ENGINEERS AND WOODWORKERS. In- 

eluding Modern Instruments of Measurement. By Joseph Horner, 

A.M.Inst.M.B., Author of "Pattern Making," &c. Demy 8vo, with 456 

' Illustrations Net 9/0 

SUMMARY OF CONTENTS :— INTRODUCTION.— GENERAL SURVEY OF TOOLS.— TOOL 

Angles.— SEC. I. chisel Group.— Chisels and Applied Forms for woodworkers. 

—PLANES.— HAND CHISELS AND APPLIED FORMS FOR METAL WORKING.— CHISEL-LIKH 

Tools for metal Turning, Planing, &c.— Shearing Action and shearing Tools.— 
SEC. II. Examples of scraping tools.— Sec. III. tools— Relating to chisels and 
Scrapes.— SAWS.— Files.— Milling cutters.— Boring tools for wood and metal. 

—TAPS AND DIES.— SEC. IV. PERCUSSIVE AND MOULDING TOOLS.— PUNCHES, HAMMERS 

AND Caulking Tools.— Moulding and modelling Tools.— Miscellaneous Tools. 
—Sec. v. hardening, tempering. Grinding and Sharpening.— Sec. VI. Tools 
for Measurement and test.— standards of Measurement.— Squares, Surface 
plates, levels, bevels, protractors, &c.— surface gauges or scribing blocks. 
—Compasses and dividers.— Calipers, Vernier Calipers, and Related Forms.— 
—Micrometer calipers.— Depth Gauges and rod gauges.— Snap Cylindrical and 
Limit Gauges.— Screw thread, wire and reference Gauges.— indicators, etc. 

" As aui all-round practical work on tools it is more comprehensive than any with which we 
are acquainted, and we have no doubt it will meet with the lai^ measure of success to which its 
merits fully entitle iV— Mechanical World. 



TOOTHED QEARINQ. A Practical Handbook for Offices, 

and Workshops. By J. Hornbk. A.M.I.M.E. Second Edition, with a New 
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth 6/0 



TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the S3^tem ; . with an exhaustive 
Analysis of the Various Modes of Traction, including; Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly^ Revised, and Including the Progress recently made in 
Tramway Construction, &c. By D. Kinnbar Clark, M.Inst.C.£. With 
40Q Illustrations. Svo, 780 pp., buckram. .... 28/0 
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TRUSSES OF WOOD AND IRON. Practical Applications 

of Science in Determining the Stresses, Breaking Weights, Safe Loads, 

Scantlings, and Details of Construction. With Complete Working Drawings. 

By W. Grippiths, Survejror. Oblong 8vo, cloth 4/6 

"This handy Httle book enters so minutely Into every detail connected with the con- 
stnicdon of loof trusses that no student need be ignorant of these masters."— Practtcai Bnginetr. 

TUNNELLING. A Practical Treatise, By Charles Prelini, 

C.E. With additions by Charlbs S. Hill, C.E. With 150 Diafiframsand 
Illustrations. Royal 8vo, cloth NU 1 6/0 

TUNNELLING, PRACTICAL. Explaining in detail the Setting- 

out the Works, Shaft-sinking, and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering and the Construction of 
the Brickwork of Tunnels. By F. W. Simms, M.Inst.C.£. Fourth Edition, 
Revised and Further Extended, including the most recent (1895) Examples <A 
Sub-aqueous and other Tunnels, by D. Kinnbar Clark, M.Inst.CE. With 
34 Folding Pliues. Imperial 8vo, cloth £2 2s. 

TUNNEL SHAFTS. A Practical and Theoretical Essay on the 

construction of large Tunnel Shafts. By J. H. Watson Buck, M.Inst.CE., 

Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Wm be r^rarded bjr dvU engliwen ss of the utmost value and calculated to save much 
time aad obviate many mistakes."— C«tf»ery Guardian. 

WAQE5 TABLES. At 54, 52, 50, and 48 Hours per Week. 

Showing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of Wages advanckig by One Shilling from 45. 
to 55s. per week. By Thos. Garbutt, Accountant. Square crown 8vo, 
half-bound 6/0 

WATER ENQINEERINQ. A Practical Treatise on the 

Measurement, Storage, Conveyance, and Utilization of Water for the Supply 
of Towns, for Mill Power, and for other Purposes By Charlbs Slagg, 
A.M.Inst.C.E. Second Edition. Crown 8vo. cloth 7/6 

WATER, POWER OF. As Applied to Drive Flour Mills and 
to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition. Illustrated. Crown 8vo, cloth 2/0 

WATER SUPPLY OF CITIE5 AND T0WN5. By Wil- 
liam HuMBBR, A.M.lnst. C.E., and M.Inst.M.B., Author of "Cast and 
Wrought Iron Bridge Cmistruction," &c., &c Illustrated with 50 Double 
Plates, X Single Plate, Coloured Frontispiece, and upwards of 850 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half'bound in morocco Net £6 6s. 

List op Contents :— i. Hisiorical Skbtch op somb of thb mbans that havb 

BBBN ADOPTBD FOR THB SUPPLY OP WATBR TO CiTIBS AND TOWNS.— II. WATBR AND 
THB FORBIGN MATTBR USUALLY ASSOCLATBD WITH rT.— III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THB WATBR-BBARINC FORMATIONS OF VARIOUS DISTRICTS. 
—V. MBASURBMBNT AND ESTIMATION OP THB FLOW OF WATBR.— VI. ON THB SBLBCTION 
OF THB SOURCB OP SUPPLY.— VII. WBLLS.— VIII. RBSBRVOIRS.— IX. THB PURIFICATION 
OF WATBR.— X. PUMPS.— XL PUMPING MACHINBRY.— XII CONDUITS.— XIII. DISTRIBU- 
TION OF WATBR.— XIV. MBTBRS, SBRVICB PIPBS, AND HOUSB FriTINGS.- XV. THB LAW 
AND ECONOMY OF WATBR-WORKS.— XVI. CONSTANT AND INTBRMITTBNT SUPPLY.— 
XVII. DBSCRIPTION OF PLATBS.— APPBNDICBS, GIVING TABLBS OF RATBS OF SUPPLY, 

Vblocitibs, &c., &c., togbthbr wrm Spbcifications of sbvbral works illus- 

TRATBD, among WHICH WILL BB FOUND : ABBRDBBN, BiDBFORD, CANTBRBURY, 

DUNDBB, Halifax, Lambeth, Rothbrham, Dublin, and others. 

" The most systematic and Taluabte work upon water supply hitherto produced in English, or 
in any other language. Mr. Humber's work is charact^iaed almost throughout by an 
exhaustiveness much more distinctive of French and German than of English technical treatises." 
—Snsrinter. 
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WATER SUPPLY OP TOWNS AND THE CONSTRUC- 

.TION OP WATBR- WORKS. A Practical TreaUse for the Use of 

Engineers and Students of Kneineering. By W. K. Burton. A. M.Inst.C.£., 
Consulting Engineer to the Tokyo Water-works. Third Edition, Revised. 
Edited by Allan Grbbnwell, F.G.S., A.M.Inst.C.£., with numerous 
Plates and Illustrations. Super-royal 8to, buckram. [Just published, 26/0 

L Introductory. — II. diftbrbnt Quautibs op watbr. — ill. quantity op 
Watbr to bb providbd.— IV. On ascbrtaining whbthbr a proposbd sourcb op 
Supply is Suppicibnt.— v. on Estimatinc thb Storagb Capacity rbquirbd 
to bb providbd.— VI. Classipication op Watbr-works.— VII. Impounding rbsbr- 
voiRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. thb puripication op 
Watbr.— XI. Sbttung rbsbrvoirs.— XII. Sand Filtration.— Xlll. puripication 
op Watbr by action op Iron, soptbninc op Watbr by action op Limb, Natural 
Filtration.- XIV. Sbrvicb or Clban Watbr Rbsbrvoirs— Watbr Towbrs— Stand 
PiPBS.— XV. Thb Connbction op Settling Rbsbrvoirs, Filter Bbds and Service 
Rbsbrvoirs.— XVI. pumping Machinery.— XVII. flow op Watbr in CONDurrs— 
Pipes and open Channels.— XVIII. Distribution Systems.— XIX. Special Pro- 
visions POR THE Extinction op Fires.— XX. Pipes por water-works.- XXI. Pre. 
vbntion op Waste op Watbr.— XXII. Various appliances used in connection 
wrrH Water-works. 

appendix I. By prop. JOHN MILNE, F.R.S.— CONSIDBRATIONS CONCERNING THB 

Probable Eppects op Earthquakes on Watbr-works, and the Special Prb. 
cautions to be taken IN Earthquake CoinmuBS. 

appendix IL By JOHN DE RIJKE, CE.— ON SAND DUNBS AND DUNB SANTS AS 

A Sourcb op water supply. 

" We congratulate the author upon the pnurdcal commonaense ihown In the praparatloa of 
this work. . . . The plates and oiagrams hare evidently been praparad with great caie, and 
cannot Call to be of gteat assistance to the ttadeat."—BuiU*t. 



WATER 5UPPLY, RURAL. A Practical Handbook on the 

Supply of Water and Construction of Waterworks for small Country Districts. 
By Allan Grbbnwell, A.M.Inst.C.E. and W. T. Curry, A.M.Inst.C.B., 
F.G.S. With Illustrations. Second Exiition, Revised. Crown 8vo, cloth 0/0 

" The Totume contains valuable Infonnation upon all matters connected with water supply 
. . . It is fiUl of details on points which are continually before water-works englnaan."— AiatfMrs. 



WELLS AND WELL-SINKINQ. By J. G. Swindell, 

A.R.I.B.A., and G. R. Burnell, C.E. Revised Edition. Crown 8vo, 
cloth 2/0 

WIRELESS TELEGRAPHY: ITS THEORY AND PRAC- 
TICE. A Handbook for the use of Electrical Engineers, Students, and 
Operators. By James Erskine* Murray, D.Sc, Fellow of the Royal 
Society of Edinburgh, Member of the Institution of Electrical Engineers. 
Demy 8vo. 338 pages, with over 130 Diagrams and Illustrations. 

[Just Published, Net 1 0/6 

Adaptations of the electric Current to telegraphy— Earlier Attempts 
at Wireless Telegraphy— Apparatus used in the Production of high Fre- 
quency Currents— detection of short-Livbd Currents of high Frequency by 

MEANS OF imperfect ELECTRICAL CONTACTS— DETECTION OF OSCILLATORY CURRENTS 

OF High frequency by their effects on Magnetised iron— thbrmombtric De- 
tectors OF oscillatory Currents of High frequency— Electrolytic Detectors 
—The Marconi system— The Lodge-Muirhead system— The Fessenden system— 
The Hozier-Brown system— wireless Telegraphy in Alaska— The de Forest 
System— THE poulsen system— the telefunken system— Directed systems- 
Some Points in the Theory of jigs and Jiggers,— On Theories of Transmission— 
World-Wave telegraphy— Adjustments, electrical Measurements and Fault 
Finding— ON the Calculation of a syntonic Wireless Telegraph Station- 
Tables AND Notes. 

". . . .A serious and meritorious contribution to the literature on this subject. The 

Author brings to bear not only great practical knowledge, gained by experience in the operation 

of wireless telegraph stations, but also a very sound knowledge of the principles and phenomena of 

physical science. His work is thoroughly scientific in its treatment, shows much originality 

hroughout, and merits the close attention of all students of the suhjecW'—En^rinetrin^, 
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WIRBLB55 TELEaRAPHY; Its Origins, Development. In- 
ventions, and Apparatus. By Charles Henrt Sbwall, Author of " Patented 
Telephony," "The Future of Long-Di&tance Communication." With 8s 
Diagrams and Illustrations. Demy 8vo, cloth .... iW/ 1 0/6 

W1RELES5 TELEPHONY, A HISTORY OF. By Ernst 

BuHMBR. Translated from the German by J. Erckine-Murray, D.Sc, 
M.I.E.E., &c Author of "A Handbook of Wireless Telegraphy." With 
numerous Illustrations. Demy, 8vo., cloth. 

[Nearly ready. Price about net 9/0 

WORKSHOP PRACTICE. As applied to Marine, Land, and 
Locomotive Engines, Floating Docks, Dredging Machines, Bridges, Ship 
building, &c. By J. G. Winton. Fourth Edition, Illustrated. Crown 8vo, 
cloth 3/6 

WORKS' MANAQER'5 HANDBOOK. Comprising Modern 

Rules, Tables, and Data. For Engineers, Millwrights, and Boiler Makers ; 
Tool Makers, Machinists, and Metal Workers ; Iron and Brass Founders, &c. 
By W. S. HuTTON, Civil and Mechanical Engineer, Author of "The Practical 
Engineer's Handbook." Seventh Edition, carefully Revised, and Enlarged. 
Medium 8vo, strongly bound .... [Just published "1 5/0 

Stationary and Locomotive steam-engines, Gas Producers, Gas- Engines, 

OlL*ENGINES, ETC.— HYDRAULIC MEMORANDA: PIPES, PUMPS, WATER-POWER, ETC.— 

millwork: shafting, gearing, pulleys, etc.— steam boilers, safety valves, 
Factory Chimneys, etc.— heat, Warming, and ventilation— melting. Cutting, 
AND Finishing Metals— Alloys and Casting— Wheel-Cutttng, Screw-Cutting, 
ETcj— Strength and Weight of Materials— Workshop data, etc. 

" The volume is an exceedingly useful one, brimtul with engineer's notes, memoranda, and 
rules, and well worthy of being on erery mechanical engineer's booksbxlf'—Aiechanical fVorld. 
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PUBLICATIONS OF THE ENGINEERING 
STANDARDS COMMITTEE. 



MESSRS. CROSBY LOCKWOOD and SON, having been appointed 
Official Publishers to the ENGINEERING STANDARDS 
COMMITTEE, beg to invite attention to the List given below of 
the Publications already issued by the Committee, and will be prepared to 
supply copies thereof and of all Subsequent Publications as issued. 

The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee as now constituted is supported by the Institution of 
Civil Engineers, the Institution of Mechanic^ Engineers, the Institution 
of Naval Architects, the Iron and Steel Institute, and the Institution of 
Electrical Engineers ; and the value and importance of its labours — not 
only to the Engineering profession, but to the country at large — has been 
emphatically recognised by His Majesty's Government, who have made a 
hberal grant from the Public Funds by way of contribution to the financial 
resources of the Committee, and have placed at its disposal the services (on 
the several Sub-Committees) of public officials of the highest standing 
selected from various Government Departments. 

The subjects already dealt with, or under consideration by the Com- 
mittee, include not only Rolled Iron and Steel Sections, but Tests for Iron 
and Steel Material used in the Construction of Ships and their Machinery, 
Bridges and General Building Construction, Railway Rolling Stock, Under- 
frames, Component Parts of Locomotives, Railway and Tramway Rails, 
Electrical Plant, Insulating Materials, Screw Threads and Limit Gauges, 
Pipe Flanges, Cement, etc. 

These particulars will be sufficient to show the importance to the 
Trade and Industries of the Empire of the work the Committee has 
undertaken. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS (9 lists).— Angles, 

Equal and Unequal.— Bulb Anglbs, Tbbs and Plates.— Z and T 
Bars. — Channels. — Beams. ^gt I/O 

2. TRAMWAY RAILS AND FISH-PLATES. j^,i 2I/0 

3. REPORT ON THE INFLUENCE OF QAUQE LENGTH. 

By Professor W. C. Unwin, F.R.S. I^Tei 2/6 

4. PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6.) A2r/ 1 /Q 

5 STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS. Net 1 0/6 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Definitions, Tables, and Formulae. Net 0/0 

7. TABLES OF COPPER CONDUCTORS AND THICK- 

NESSES OP DUBLBCTRIC. Net 2/6 

8. TUBULAR TRAMWAY POLES. Net 6/0 

9. BULL-HEADED RAILWAY RAILS. y^t 10/6 

10. TABLES OF PIPE FLANQES. Net 2/6 

11. FLAT- BOTTOMED RAILWAY RAILS. i^'t 10/6 

12. SPECIFICATION FOR PORTLAND CEMENT. Net 2/6 

13. STRUCTURAL STEEL FOR SHIPBUILDING. ^'< 2/6 

[P.T.O. 



